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Purpose  of  the  InveiHgaMon 

_ As  one  phase  of  O  U.  S.  hJavol  Qgwinngrnphte  Qfffra  fteta  „  ^ 

sompTes  end  bottom  photogrophs  were  obtolned  from  the  ffoor  of  tr»  Tdogo*  of  the 
pceon  (o  deep  chorsnel  !r>j)he  Bohemian  Plotform).  The  purpose  of  this  survey  wes 
to  provide  sompies  and  bb^rvattorts  ieoding  to  a itnowledge  of  the_i<siiinjmt9,  sedi¬ 
mentary  properties,  oryj  distribotipn  of  sediment  type  on  the  floor  of  the  Tongue  of 
the  Qsean  ond  to  evoiuofe  bottom  microtopogjraphy at  points  of  speofoi  Interest. 

Description  of  the  Areo  ’  '  , 

The  ^twme  platform  or  Bonk  Is  a  shoot  area  southeoit  of  Florida  and  northeast 
of  Cuba.  The  Plotform  is  450  irrtles  long,  170  mileS  topers  bluntly  of  both 
ends',  and  4s‘  bou'dded  on  alt  sides  by  a  steep  ubmorine  escorpmetit  which  descends 

precipitpusly  fo  depths  in«excess  of  2,000  fothoms  on  the  east  ortd  300  to  1 ,500  _ 

''fathoms  on"  the  west.  The  Platform  trends  north-northwest,  encompasses  some  50,(X}0 
;^icmare  mile^,  ohd  is  4  to  6  fothoms  diep.  "ApOroximotely  7  percent  of  the  surfoct- 
oreo  ii. occupied  by  20  prffidipsi^siohds  cmd  thoysonds  ofsmotl  coys  located  along 
the  Platform  mprgins*  Greot  submonne'c.honneis,  such  ps  theTongue  of  the  Ocean, 
ExofTKi  Soorrd,  catid  the  Providence  Ohannels,  form  depp  oceon  rerentrants  into  the 
shot  low  faank*--{Fig  i)  , ,  ” 

=■  ,  '  a-  °  ■ 

The  Tongue  of  the  Oceon  (TOtO)  is  o-contiouptior  of'one  of  the  two  ma[6f~ 
re-entranflor  channels  in  the  Bohofino  Bonks,  ond  inciiei'the  largest  of  the  shoal 
struofures,  i;o.,  the  Gfeat  Bobamo  Bonk.  The  TOtO  consists  of  o  long,  narrow 
nc^fiem  portion,  slightly  less  then  70  miles  in '!ength:pnd  20  miles  wide,  onad  a  „ 
somewhat  clseulor-southern  portlop  40  miiesJn  diameter  (Fig  2)t  The  channel 
trends  northwest,  continues  into  Northeost  Providence  Chonnei,  and,  proceeds  - 
eventually  Into  the  deep  sea,  ThP  TOTO  is  'bordered  on  the  west  by  Andros  Island" 
ond  on  the  south  and  ecst  by  shoMoW,  flat  bonks,  the  southern  porthxi  of  the 
channel  terminates  blindjy  in  o  cul-de-sac  which 4*^-shaped^ in  profile  ond  about 
700  fathoms  deep  (Fig  3),  Nbrthword,  the  chsnnel  profile  becomes  more  or  less 
V“shaped  between  New  Pfoviderrse  Island  and  Andros  island.  Here  the  channel  is 
1,000  fathoms  deep  and  Is  colled  Northeast  Providence  Channel.  The  central  ^ 
channel  floor  slopes  groduolfV  (opproxlmofel/l  rlSO)  from  thejenter  of  the  cul-de- 
£00  to  the  commencement  of  Northeast  provddence  Channel, 

Soundings  on  the  walls  of  the  TOTO  show  smooth,  steep^siopes  overcrglng  15  to 
20  degrees  in  the  upper  200  to  300  fathoms^  Below  this  depth  the  slopes  become 
more  gentle  but  ore  steeper  in  the  northern  compered  to  the  icuthem  port  of  the 
chonnei .  Lorge  gullies  Incising  the  walls  end  trending  of  or  less  right  angles 
to  the  bonk  ore  common;  however,  the  waits- [n  the  cui-de-soc  appear  somewhat 
snoother  tlwn  those  in  the  narrow  nofthenri  portion. 
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POSITION'S  OF  NAVED  REFERENCE  POINTS  SUCH  AS  GREEN  CAY  ACCURATE  ONLY  TO  , 
ABOUT±-^  VILE,  BASED  ON  RADAR  RANGES  AND  BEARINGS  FROM  THE  SURVEY  SHIP, 

ISLAND  OUTLI  NES, BASED  ON  HO. CHARTS  EeASB,  ARE  APPR  OX  1  MATE  ,  A  ND  ARE 
SHIFTED  SOMEWHAT  TO  FIT  THE  REFERENCE  POINTS  NOTED  ABOVE 
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POSITIONS  OF  NAMED  REFERENCE  POINTS  SUCH  AS  GREEN  CAY  ACCURATE  ONU 
ABOUT±-^-M!-LE,  BASED,  0N__RAPAR  RANGES  AND  BEARINGS  FROM  THE  SURV? 

ISLAND  OUTLINES, BASED  ON  H.O  CHARTS  26  A  S  B  ,  AR  E  A  PPR  OX  I  MATE  ,  A  N  D  AR 
-,gni.F_TFn  SOMEWHAT  TO  FIT  THE  REFERENCE  POINTS  NOTED  ABOVE 

APPROXIMATE  100  FATHOM  C ON TO UR ,  C ASH  ED  BETWEEN  SURVEY  TRAVERSE 
IS  ALSO  BASED  ON  H.O,  CHARTS  26  ABB. 
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RGURE  3  LONGIWDI  HAL  AND  CROSS  ^CtlONAL  WOFI LES  OP  THE  TOTO 


REVIEW  OF  PERTINENT  LITERATURE 


The  Bahomo  Platform 

.  The  fiohama  PlatfomuCor  Bahama  Block),  representing,  as  It  does,  a  corstemporory 
example  of  warm,  shadow  limestone  seas  such  as  occurred  during  earlier  geological 
times,  has  been  the  object  of  Investigation  by  many  students  of  carbonate  geology. 
However,  the  majdrTfy  of  Investigations  have  been  concentrated  on  the  sedimentary 
material  covering  the  shollow  banks,  and  until  recently  there  wos  scant  information 
dealing  with  sediments  In  the  daep  channeis. 

Some  of  the  more  extensive  contributions  to  the  literature  of  Bahominn  shallow- 
water  sediments  were  made  by  Agassiz  (1894),  Vaughan  tl9!3,  1914,  and  1918), 

Drew  n9U>,  Goldman  jl 926),  Field  (1931),  Thorp  (1936),  Nswel!  et  o!  (1951),  ■ 
Newell  and  Rigby  {]957),  and  tiling  (1954).  These  studies  degit  prlmarTIy  with  the 
grains  comprising  the  deposits,  their  origin,  composition,  and  general  distribution  ,, 
throughout  selected  areas  on  the  bank,  as  well  os  reports  on  vorlous  land  forms,  reef 
corals,  end  topographic  features  present  on  the  surface  and  flanks  of  the  Platform. 

'Mode  of  origin  and  Internal  structure  of  the  Bahama  Banks  has  received  the 
ettentlon  of  various  Indlvlduols.  One  of  the  fint  to  speculate  on  the  genesis  of  this 
structure  was  Nelson  (In  Schuchert,  1935),  who  entertained  the  view  that  the  Bahomos 
were  eisentlally  of  deltaic  origin,  and  that  the  materials  composing  the  Banks  were 
derived  from  the  wafers  of  The  Gulf  Stream  which  were  checked  by  Atlantic  waters  oS 
the  Gulf  Stream  emerged  fall  strength  from  the  Gulf  of  Mexico,  Woodring  (1928) 
believed  that  the  Bahomos  represented  a  series  of  West  Indian  Cretaceous  folds  that 
were  worn  down  and  submerged;  the  highest  points  subsequently  being  covered  with  a 
veneer  of  calcareous  sand. 

Field  (1931),  on  The  basis  of  gravity  data  ahd  stratigraphic  observottons  on  various 
Sahomlan  Islands,  stoted  thot  the  Bahamos  are  nc(t  underTaln  by  Igneous  rock  and  prob¬ 
ably  did  not  originate  os  the  result  of  volcanic  action.  He  concluded  that  although 
the  Block  Is  opproximately  In  isostotlc  equilibrium  it  appears  to  be  somewhat  unstobie, 
hnvlnn  undargoae  several  slight  vefTjcai.jaavemants.., Hess  (1533L  utjJlsiln^fltgylty 
and  bathymetric  data,  showed  that  a  great  su&nergence  in  excess  orT47000  feet  has 
taken  place  in  the  Bahamos,  and  the  general  field  of  negative  anomalies  he  observed 
over  the  Bahama  Block  is  due  to  a  vast  thickness  of  light  sediment  beneath  the  Bahamas; 
however,  the  dolomltlc  rsef  motcriol  being  relatively  heavy  causes  the  anomalies  on 
the  reef  to  be  less  negative  than  those  in  the  deep  channels.  Schuchert  (1935).  held 
that  the  northern  Bahama  Bonks  and  the  western  portion  of  the  Great  Bahama  Bank  were 
composed  of  essentially  unfolded  sedimentary  strata  belonging  to  the  Mexlco-Fiorido 
foreland  plate,  while  the  eastern  half  of  the  Great  Bahama  Bonk  and  the  southeast 
trending  archipelago  were  volcanic  in  origin  and  postdated  the  sedimentary  portion  of 
the  Bahamas. 

Spencer  (In  Eardloy,  1951)  cited  an  Andros  Islond  deep  baring  (14,587  feet'doep) 
which  showed  relatively  pure,  shallow-water  carbonates  of  Tertiary  and  Cretaceous 
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age;  the  fatter  fonsittutlng  about  half  of  the  entire  sequence.  Newell  (1955^  stated 
that  the  coorsa,  open  coverrious  texture  found  at  many  ‘norlzer^  In  the  above  boring  i 
lfsiTwfad=TCaoh!ng^ near-seo  level;  thus,  making  the  unovetdable  conclusion  that  this 
"  part  of  the  shelf  had  quietly  subsided  more  than  2i  miles  since  eorty  Cretaceous,  oltd 
tlmt  U  Is  sttU  sinking  while  the  Platforms  ore  being  built  up  near  the  surface  by  accu-  - 
moloflon  of  calcium  carbonate.  He  ceicutated  an  dv^ge  rate  of  accutnuFctlon  of  - 
consolidated  sediment  on  the  Great  Bahama  Bank  of  about  3.6  cm  per  1,000  years, 

-  Gravity  data,  Interpreted  byWorzel  st  ol  (1953),  show  a  small  s^ward  increase 
of  gravity  across  the  Platform,  with  negatf^'free  air  onomalies  of  obou/,  110  mliilgais 
along  the  eastern  boundaries  of  th'i  Bcmmnas  and  swjthern  part  of  the  Bldkb  Ploteou. 

Evaluating  oH  existing  Nevyell  (1955)  concluded  that  the.reglon  has  !o*^ 
been  Isolated  from  sources  of  terrigenous  sediments,  that  no  compelling  evidence  1/  ~ 
exists  of  folding  or  faulting  in  later  geologic  tJmps,  and  thot  little  data  hove  beeh 
presented  to  show  that  frequent  Interruptions  In  the  general  subsidence  (probablyiiw  - 
result  of  Isostotlc  adfustTnent  to  the  steady  aceumuldrlon  of^corbanotes)  hgve  occurred 
during  the  past  130  million  years  or  so, 

The  Tongue  of  the  Ocean 


The  majority  of  reports  on  the  TOTO  hove  bsepprlmorlly  cnncernf^  withiJhe 
method  of  channel  formation  and  are  based  on  gravity,  bathymetric,  arid  seismic  ddtp. 
Howevec,  recently  a  number  of  sediment  samples  have  been  coliecterf  ^om  the  floor 
of  the  TOTO  which  give  a  somewhat  general  picture  of  the  material  covering  the 
bottom  and  the  mode  of  deposition.  v-"-,,  ... 


Origin?  Hess  093^  attributed  Initial  formatlor?  of  the  deep  Bohemian  channels . 
to  the  dcflon  of  rortnlna  wafer  under  subderlol  conditions;  tfie  drainage  patterns  being 
stfucturqlly  controlled  by  someunknawn  factws.  Subsequent  to  forrnoHon  of  the  ero- 
slonol  .volleys,  subsidence  arid  ropld  deposition  of  calcareous  materlol  on  the  higher 
promlnoncos  formed  the  ptosont  Bohomlon  platforms" and  channels.  .Hess  (Ibid.)  further 
stated  that  the  continuous  slope  of  the  volley  floors  from  the  upper  reaches  ot  the 
'  “ '  chohhetrro  the  edge  of  the  contlnental  .slope  excluded  a  graben  and  synclinal  *+rough 

1  _ *I  _-i.  J  _ t _ t,,.  V _ _ J . U . _ - 

WMifWIfeU  ftwi  UU!  IU“|>fWUtt?  U"  VU  t  tOjT  WtUlUft 

Inner  gorge  or  chormel  running  down  the  middle  ondo  continuous  slope  In  one  direction 


Schuchert  (1935)  advanced  the  hypothesis  that  Andres  Island  once  faced  the  open 
-  Atlonrlc,  end  ^at^^the  suspected  volcanic  eastern  portion  of  the  Great  Bohama  Bonk 
grew  up  In  front  of  Andros  leaving  the  Tongue  of  the  Ocean  between. 

Ericson  et  ai  (1952),  on  the  basts  of  ilthologicoi  and jcaieontologJcal  evidence 
from  sedimenycores  collected  In  the  TOTO,  concluded  that  turbidity  current  erosion 
maybe  lorgely  responsible  for  excovotion  of  the  TOTO  and;  Providence  GhanneU. 

'Worzel  et  al  (1953)  re-ejoimiri^  gtavlty  observations  collected  frcati  the  Banks, 
end,  in  refer'ince  to  the  origin  of  the  TOTO,  concluded  that  most  of  the  anomalies 
can  be  explained  by  simple  erosion  of  the  desp-wqter  portions  wltliout  compensatlwi, 
or,  alternately,  coratructlon  of  the  shaUow-woter  portlora:  without  reglorral  comperi= 
satlon,  Newell  (1955)  c^»nbln^  both  of  these  alternatlv«:  and  theorized  thet  the. 


deep  channels  are  mainly  the  result  of  constructional  processes  through  differentloi 
deposition  and  bypassing. 

On  the  other  bond,  Taiwan!  and  Worzel  (In  SJegler,  1961)  collected  oddltioftai 
gravity  date  and  ottrlbuted  negotlve  residual  anomalies  of  -30  to  -40  milllgals  over 
the  deeply  incised  portions  of  the  Bank  to  faulting  which  resulte:?  [n  tiyi  h^vier 
sedimwt  occurring  ct  greater  depths,  .  .v~- ■  • 

A  technical  report  by  the  University  ofT^fomi  (1958)  stated  that  tack  of  o  source 
of  lorge  quantities  of  switment  negotes  the  poalbility  of  turbidity  current  erosion 
creating  the  TOTO,  but,  suggest^  that  the  cnannef  originoted  through  some  type  of 
-.block  foulting.  ‘  ^  ^ 

Bottom  Sediments:  The  first  reported  bottom  samples  tokwi  (rom  the  tOTO  were 
colleGtecT  by  \oughan  (1918).  Ho  clossified  the  iiedimentdsgJo|>rgerinfto02e,  ond 
also. performed  shre  and  mlneralogical  analytes  on  tim  two  cores  ic^tectsd.  Anhstrong 
(1953)  sol  I  ected  dredge  and  cars  samples  nom  fh^TOTO  and  bottom -phofowophs  et 
selected  locations.  The  photographs  show  oh  olmost  verticaJ  bare  rock  wall  (town  to 
230  meters,  and  at  383  meters  sand  and  gravel  covers  the  rock.  Between  500  and  600 
meters  depth  the  sands  ond  grovels  ore  Intermixed  ond  finally  replaced  by  coleoreau's 
rhud  whicn  becomes  fhCfeesTngly  finer  with  depth  to  the  bottwn  of  the  cf^hef  (2,200 
meters  Jn  the  orea  examined),  ‘ 

Analyses  of  cores  and  dredge  Samples  taken  from  the  TOTO  ore  presented  In  o 
technical  report  by  the  University  of  MiomI  (1958),  This  report  clesslried  the  bottom 
material  os  giobigertna,  pteropod,  and  oolitic  ooze.  The  report  afio  presented  the 
results  of  leaimVnt  sfze,  moisture,  feunal,  and  semiquantifative  spectrogrof^lc  anoJy- 
set.  The  report  discussed  the  hummock-like  oppearonce  of  the  slope  olongthe  entire 
lertgth  of  the  TOTO  between  300  and  550  fathoms.  This  feature  wos  considered  to  be 
talus  that  probobiy  originated  from  stirring  up  of  material  found  on  the  tc^  of  the  bonk 
In  addition  to  turbidity  currents  originating  on  the  ^ge  of  the  bonk  which  augmented 
the  talus  slope. 

Ostiund  et  ol  (1962)  presented  the  results  of  radiocarbon  measurements  of  the 

TOTQ^s«U meal  caret  enilectert  hy  {.ahersfmy,  riMlvorcSty^Mlaml,  gild 

discussed  the  oge  of  the  sediment,  bulk  rate  of  accumulotlon,  and  frequency  ef  tur¬ 
bidity  current  flows  in  various  areos  of  the  channel, 

Athern  (1962  a  &  b)  undertook  a  detailed  bothymetrlc  reconnalssoncB  of  the  TOTO 
collected  sediment  cores  from  the  central  flat  reaches  of  the  channels,  and  obtained  78 
bottom  phot^rophs  ot  varlais  locations, 

Slosnak  and  Nesteroff  (1962)  discussed  the  sfructusisl  charoctertitfes  of  turbidity 
current  deposits  in  the  TOTO,  their  compcaltlon,  oreo  of  origin,  and  frequency  of  , 
occurrence.  They  further  compered  the  chorecterlitics  of  turbidity  current  debits  In 
the  TOTO  to  abyssal  ploin  terrigenous  deposits  iotd  down  In  a  similar  monner. 
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PRESENT  INVESTIGATION 


Field  Procedure 

Sevenly  •^hree  sedimefrt  core$,^6  grab  sompfet.  ood  4  dsep  *ea  ceinero  fdwerfngj 
were  mode  from  oboard  USS  SAN7ABLO  (AGS^"30)  during  September  1 961  ood 

^962.  Tlw  cora  were  corjectsdc^deptba  dieters,  - 

,  6od  tbe  over;^  length  of  ^och  core  collected  wa»  99  centimeters.  Fifteen  of  the 
'rwiment  jsomples  were  obtained  with  a  Hydro*T>tastic  piston  corer  and  the  remainder 
with  o  Kullenbetg  gravity  corer.  Cora  obtained  with  the  Kul lentserd  opporotus  wore 
coated  with  a  fnlcrocfystalllne  wax  o  few  hours  after  conectFbn  to  Inhibit  loss  of 
moisture.  In  a  few  Instances  the  hydrogen  ion  (pH)  concentration  at  the  top  of  the 
core  was  meosured  with  a  Beckman  pH  nieter*  A  smalt  portion  from  the  top  and' 
bottom  of  eoch  core  wra  removed  as  soon  os  the  Core  was-frfought  aboard  and  Stored^ '  = 
under  refrigeration  while  aWaiting  ofgdrrfc  corbofk  orwlyses. 

Sampling  stotioni  were  positioned  i>y  Decca  Hh*f!x  navlgotlorsal  aids  In  the  ^ 
arMt  of  the  TOtQ  north  of  nreon  Coy,  nnd  vUiail  on<Lrtvfer  f|xe&^werr^nse<i4nUha-^^ 
cul-detac.  Locations  of  somplirtg  stations  are  presertted  in  Figure  4,  and  coordinafa 
of  lomplinfl  station ,  length  of  core,  and  woter  depth  gre  listed  in  App«rtdlx  1. 


Photographs  of  the. bottom  were  token  with  ort  onderwot«r='sdrr:efa  system  con'* . 
listing  of  two  35  mm  cameras  end  two  100  wiitt -secprxh jtrofae  light  sourca.  A  sonor 
plnger,  mounted  ert  the  camera,  frome  ood  u^  irt  cbn|unctiQn  with  the  ship'i  fmns- 
Queer,  end  a  Preelilon  Graphic  Recorder  provided  rnomtorlng  of  the  oefne»=^^%otto(r|, 
dlsteriee.  A  compass  direction  vone  wos  suspended  below  the  comerOs  to  Indicate 
ditection  of  cctnero  moyement^nd  orientotion  of  the  phptographs. 

The  cometa  system  was  held  wtthin  5  feet  i>f  the  daired  15  feet  fromthe  bottern 
distance  during  the  photogwphfng  secRjence.  between  275  ond  572m^eft  was  tfov- 
ersed  during  the  2-bDor  period  of  each  lowering.  Along  these  tracks,  photographs 
of  the  bottom  were  taken  evs^  l4=»e©Rds.  Subsequent  to  the  field  operations, 
relief  from  seljicted  photogrophs  wos  measured  and  contoured.  Camera  lowering 

p«wLtiwtS  *«w  »Tiwwn  =Ort't-igUrS  -  1, 


Laboratory  Analyses 

Utllijslng  facHlttes  provided  by  the  Morino  Laboratory,  University  of  Miami, 
qil  cores  were  arwlyzed  within  two  weeks  from  the  date  of  collection.  Subsequent 
to  lithological  examination  ar>d  engineering  properties  analyses,  subsempies  from  the 
cores  were  forworded  to  the  Oceanographic  Office  for  further  anoiyses.  The  following 
Is  a  tabulation  of  the  onalyia  performed  ond  descrlptiorr  of  the  terms  employed  In  the 
data  lummaflw  tabla  and  the  text : 

Constituents;  A  visuof  afimote,  based  on  micraeppic  Mtomitwtion,  of  the 
cc^tltuents  constituting  the  sond  size  and  larger  material  praent  in  selected 
_ cerejubscmplw. 
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FIGURE  4  SEDIAAENT  SA,i4PUNG  STATIONS  IN  THE  TOTO 


FIGURE  5  LCXATiON  OF  DEEP-SEA  CAMERA  LOWERINGS  AND  VERTICAL  PROFILES 
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Cole  rum  Carbonofe  (%);  A  determination  of  the  totar'alkallne  earths  through 
titration  with  tufA  os  described  by  Turkton  (1956).  The  method  oaumas  tnort 
the  amount  of  mogrtsslum  and  strontium  carbonates  In  the  sanpLes  Is  trivtol,  and 
results  are  reported  Qs^ualelum  caTbdnatetCdCOij)  solely. 

.  Organic  Corbon  (%);  The  orMntc  corl^n  ptswnt  fn-tha  sediment  as  determined 
^'fhe  potassium  dlohromate  ferrous  ammonium  sulfate  titration  method  of  Allison 


Specific  Gravity  of  Solids;  The  ratio  of  the  sediment  sample  weight  In  elr  to  Its  ■ 
Weight  In  water  at  4*C, 

Cohesion  (Ibs/ln^!  The  shear  strength  os  measured  by  startdord  soil  mechonic 
techniques  utllTzIng  vane  shear  and  comprealon  testing  opporotus.  The  procedure 

significant,  and  rello^lty  of  this  meosurement  as  employed  by  the  Oceano-  _ 

ydpfilc  Office  Ts  dlscuaed  by  Rleha7ds^96T). 

Se^i^lty!  The  raHo^of  the  urdlsturbed  strength  of  the  sediment  to  disturbed 


Sensitivity 


SENSITIVITY  SCALE  (after  Richards,  1961) 

Perdentog^ 

Description  StrengtjvLo; 


Percentage  of  "Undlifurbad" 
Strengtjv  Lost  In  Remolded  State 


<  -  t 

Insensitive 

.  “  0 

1  -  2 

Slightly  insensitive 

0  to  50.0 

:  2  -  4 

M^ium  sensitive 

50.0  to  75.0 

4-8 

Very  scn,'j^flve 

75,0  to  87.5 

8-16 

Slightly  quick 

87,5  to  93,8, 

16  -32 

Medium  quick 

93.8  to  96.9 

32-64 

Very  quick 

96.9  to  98.4 

>  64 

Extra  quick 

>  98,4 

Wet  Unit  Weight  (gpi/ cc):  The  bulk  density  of  the  sediment  meosured  to  the 
nedresf  tenth  by  means  erwef  weight  per  known  volume  of  sediment.  '  > 

Water  Cor^tent  (%);  fvotlo  In  percent  of  the  weight  of  woter  to  th,e  weight  of 
fho  dried  solid  portlcles  In  a  given  sediment  moss. 

Void  Ratio  (e);  Ttw  ratio  between  the  volume  of  voids  (VJ  ond  the  volume  of 

wnanv^T" 

‘  tj  ... 

V.. 
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Color:  Color  of  sedlmont  is  based  on  the  Geolog  feat  Society  of  America  Rock- 
CoToF Chart. 

Sedkwent  Groin  Size;  The  sediment  groin  size  scale  used  Is  the  one  cafegoriied 
by  the  c  loss  ifi  cot  ion  set  forth  In  the  Wentworth  grode  scale  (Wentworth,  192^ 
with  one  modification.  The  term  clay  has  bee»  replaced  by  the  terft\  luttte 
because  of  the  mlnerological  Implications  of  the  former.  The  ranM  6f=^nBde 
^hse  in  milllmeten  dfometer  and  phi  vnit*  -  log2  dtometer twi 1 1%! eten)]  Is 
shown  below; 


Portieie 

Particle 

Diameter 

Diameter 

.  (mm) 

(phi) 

jSranules  - 

- tb-_^,^)00 

-2 

Coarse  sand 

0.5000  to  2,0000 

-1  to  1 

Mediun^sand 

0.2500  to  0.5000 

1  to  2 

Fine  sand 

0.0625  to  0,2500 

2  to  4 

Silt 

0  f  003 9  to  0  f 

■  "4  to  8 

Lutite 

<  0.0039 

>8 

SEDIMENTS 


General 

,  On  the  basis  of  lithology  and  physical  properties,  the  sediments  col lectid  from 
the  TOTO  are  divided  into  3  geogrophic  categories;  1)  near  flonk,  2)  axial,  pnd 
3)  cut-de-^c  (fig  6).  The  brttom  sediments  in  the  TOTO  display  properties  ond 
relationships  distinctive  of  these  areas  In  the  chonrHil,  but,  gradational  transitions 
from  one  type  sediment  to  the  other  Is  present,  and  combinations  of  various  types 
exist.  _  -  -- 


Irrespective  of  lithological  and  physical  variations  in  the  sediments,  both 
calcium  carbonate  content  and  specific  gravity  of  the  solids  show  no  significant 
variation  with  depth  or  location,  but  are  generally  uniform  throughout  the  bottom 
and  vory  between  narrow  margins.  Of  a  total  of  315  core  sulaOTiplas  analyzed  for 
calcium  carborwte,  the  maximum  volue  obtained  was  100  percent,  the  minimum  82 
percent,  and  the  average  94  percent.  Specific  gravity  ekrtisnnlnations  were  run  on 
52  lubsomples  from  representative  cores,  and  the  values  obtained  ranged  from  2.68 
to  2.86  with  an  average  of  2.79, 

The  results  of  a  semlqudntltatlva  spectrochemical  onolysls  by  the  University  of 
Miami  (1958)  are  given  below,  end  may  be  taken  to  represent  ^20  peremt)  other 
possible  elements  and  compounds  present  in  the  TOTO  sediments  where  CdiCp3  does 
not  compri^  the  «ttjr©  senile. 
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FIGURE  6 


AREAL  DISTRIBUTION  OF  SEDIMENT  TYPES  IN  THE  TOTO 
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I 


Moterfol 

Amount  (%) 

CaCOa 

S5.000 

slop 

7.000 

AL203 

3.000 

.  Ua  . 

•  2.000 

FeaOs 

0.600 

MoO 

0.300: 

"Tf'  =  : 

O.DOy 

K 

Trace 

’  Sr 

Trace 

V 

Trace 

Zn 

Trace 

Except  for  fhe  GSCO3  co»tf«nf-ond  the  specific  grovlty  which  tend  to  r««aln 
constant  fnttf#  sediments,  dTher  propeftTei  show  o  voriotlon  In  mognitude  which  Is 
gerreraliy  dewndent  upon  the  area  tidm  which  the  sedfmeint  sample  was  ottajnedt 
These  varlatfons  will  be  discussed  below  ufider  the  appropriate  sedimentary  cot^oty 

Neor-flonk  Sediments  '  ^ 

Sediments  of  the  near-flank  category  Ore  represented  by  the  following  samples! 


62-1 

62-23  -  . 

.62-37 

62-4 

62-24 

62-38 

62-6 

62-25  . 

-  62-39 

62-9^ 

62-26 

-62rS7 

62-10  . 

62-28 

62-58 

62-14 

62-32 

61-1 

62-15 

62-33  '  ' 

61-9 

62-19 

62-34 

61-10 

62-20 

62-35 

61-18 

_62-21 _ 

- - : - 

An  exomlnatlon  of  Figure  4  shows  that  these  somples  are  all  located  on  the  fkmks  or 
walls  bounding  thn  TOTO  and  were  coiJeeted  from  water  depths  between  2^  and 
1,243  rrwt era.  ^ 

Sediment  ^lor  In  the  neor-flonk  areo  Is  decidedly  dorker  compared  to  other- 
areos  In  the  TOTO  and  Is  dominantly  yellowish  gray  (5Y7/ 2)  grading  to  o  lighter 
greenish  gray  (5GY8/ 1).  (Geological  Society  of  America  xock-CoTor  Chart  code), 
The  most  striking  property  exhibit^  by  these  cores,  except  for  a  few  from  the 
southern  flank  of  the  cul-de-soc,  Is  the  smcx>th,  even  color  ond  texture  with  depth 
in  the  sediment.  Figure  7  presents  a  longitudinal  cross  section  of  selected  n&r- 
fionk  cores,  ond,  from  this,  the  general  horacgeruilty  of  particle  grain  size  and  . 
sediment  color  Is  evident. 
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Cores  62-37  and  62-57  show  a  very  shorplareok  In  color  at  vaHous  depths  In  the  ! 

core.  Core  62-^7  changes  abruptly  from  a  yellowish  gray  clayey  illt  to  a  pure  white  j 

-  -"clavey  slit  with  no  apparent  change  In  groin  size  or  constituents.  The  white  area  Is  1 

underlain  by  material  slmlior  to  that  obove  It,  and  the  pattern  Is  repeated  within  a 
few  centimeters  depth.  The  white  area  Is  far  more  cobeslvefHon  the  material  above 
and  below  It,  "  ■ 

Cores  62-36,  62-38,  and  62-39  are  slmlior  in  most. respects  to  the  normal  near- 
flank  sedTmihfs,  except  For  one  or  two  rdhei  of  relatively  coarse  particles  Intermixed 
and  separated  from  each  other  by  finer  materia! .  These  zones  do  not  resemble  layers 
which  might  have  orlalrwted  through  turbidity  current  deposition  but  appear  more  like 
the  result  of  sand  "fails";  however,  reworking  of  the  material  by  organisms  may  have 
destroyed  the  orlglnol  bedding,  although  other  evidence  of  such  activity  Is  locking'. 

Sompie  62-6,  a  grab  sample,  consisted  of  very  coarse  reef  detritus,  apparently  from 

the  neorby  Andros  Island  borrier  reef,  and  dlsployed  the  coarsest  grained  material  of  j 

any  taken  from  the  channel,  ' 

Particle  Slzei  Table  1  gives  quortflet,  median  diameter,  quortlle  deviation  r 
(QDp-)  oncTskewnets  (^g^^uos  of  tubsomples.from  ewes  and  gj-ab  samples  In  the.  _  _  .  _  1 

near^Tdhk  afba.  ^a^^snahal-rslofTonshTps  are  gTven^tdwr  I 

Q1  d^and 03/ =  lit  and  3rd  quart! lei,  respectlvoly^  | 

Md/  -  Median  diameter,  5 

GiD/  *=■  i  (Q3  -  Ql),  and  ij 

Skq/=  2  (Q1  Q3  -  2Md).  | 

.  .  i 

in  alt  samples  (except  three)  the  median  dlometar  Is  within  the  ronge-of  slits,  j 

ond, «  well  be  shown  later,  this  Is  by  lar  the  predominant  particle  size  cf  the  bottom  ^  ..  i 

seeKmenti  throughout  the  chonnel.  The  average  grain-size  dlitrlbutlop  of  neor-flanfe‘  ^ 
sediments  Is  14  percent  sand,  61  percent  sfft,  and  25  percent  lutlte . 

The  quortlle  dovlatton  (QD4)  Is  a  measure  of  the  average  weed  of  points  around 
the  median  (sorting),  and  when  perfectjortlng  Is  obtained  cSDo  Is  equal  to  zero..  The 
sorttng  values  In  Table  1  show  bn^ciTmoit  equal  number  of  poorly-sorted  and  normally- 

.  .  _ _ ^..-.5- _ _-l _ ml-e-  .»  *  _l _ _ _ » _ L  _ -.1  ^  -t - - fl  ^ _ _ -i 

- twreci  soni^twia  “ttiu  ts  m  ti^rp  euniiuw  -rv>  tttttt^TV04;/  — i* 

the  adj^acent  bank  sediments  to  be  so  uniformly  low  that  It  woi  necessary  to  break  down 
the  well-sorted  cotegory  Into  smaller  Increments  In  order  for  the  values  to  be  meotnlngful, 

,  Quartllo  skewness  (Skqd)  Is  a  measure  of  the  symmetry  or  asymmetry  of  the  curve  of 
port! clxS -size  distribution.  If  the  curve  Is  perfectly  symmetrical,  then^Skqii  Is  equal  to 
zero.  If  the  spread  of  porticle  size  Is  greater  on  tne  fine  side  (positive  values)  of  the 
medlon  dlwneter,  then  Skqe5  Is  positive,  or  If  greater  on  the  coersa  side,  then  the  value 
Is  negative.  The  greater  ipreaa  of  particle  sizes  on  the  fine  side  of  the  {Sedlon  diameter  . 

In  these  sediments  shows  the  dominance  of  fine  materia!  In  the  near-flank  orac  and  may 
be  the  result  of  sediment  winnowing  by  waves  and  currents  on  the  shallow  ^nks  ad|a“ 
cent  to  and  abo^  thU  drea.  Woter  movement  on  the  bankmay  stir  lys  the  bOTTOm  ma¬ 
terial  and  allow  ftte  coarser  grains  to  resettle  while  maintaining  the  finer  debris  In 
suspension.  The  fine  material  li  then  carried  to  the  of  the  bank,  and,  due  to  a  | 


Gfecrease  In  current  velocity  over  the  fleep  chonnel,  ttie  motenot  »ettlM  fhr^gft  the 
water  column  end  Is  deposited  In  the  neor'-flcmk  area. 

TABLE! 

Particle  shce  analyses  of  neor-flar^  sediments 


Core 

No, 

Depth  In  Core 
(cm) 

QV 

Md/ 

Q3{^ 

w 

62-1 

8 

4.16 

5.29 

7.03 

1.44 

0.31 

4& 

4.QC 

5.12 

6.82 

1.41 

0.29 

94 

4.24 

5.49 

7.57 

1.67 

0.42 

62-4 

Grab 

4.16 

5.01 

5.86 

0.85  ; 

-0.01 

62-6 

Gfob 

-3.84 

•4.40,,_. 

-  «<»*93 

■c 

62-9 

2 

3.71 

4.78' 

°6.45 

1.37 

0.30 

11 

3.89 

4.96 

6.41 

'' 

31 

4.34 

5.33 

6.86 

62-10 

5 

5.05 

6,32 

9.41 

2.18 

03-1 

73 

4.56 

5.97  ' 

9.00 

2*^ 

0.81 

138 

4.58 

5.82 

9.81 

2.62. 

1.38 

62-14 

5 

4.56 

5.41 

7.14 

\.'29 

0.44 

15 

4,58 

5.42 

7.05 

1.24 

0.40 

62-15 

5 

4.58 

5.82 

9.81 

2.62 

1.38 

75 

4.50 

6.68 

9.35 

2.43 

0.Z5 

121 

3.95 

5.08 

7.10 

13 

0.45 

62-19 

5 

3.73 

4.80 

6.57 

1.42 

0.35 

72 

3.10 

3.98 

7.10 

2.00 

1.12 

118 

4.55 

5.54 

7.86 

1.66 

0.67 

62-20 

5 

4.94 

5.95 

9.00 

2.03 

1,02 

_ 

79 

_ 

_ 

- 2.68 

A  40. 

130 

5.41 

8.00 

ii.w 

3.29 

5.70 

62-21 

5 

4.26 

5.19 

6.22 

0.98 

0.05 

78 

4.16 

5.41 

7.95 

1.90 

0.65 

62-24 

3 

4.42 

5.48 

7.85 

hTr 

0.66 

28 

4.89 

5.84 

10.16 

2.63 

1.68 

52 

3.38 

7.76 

12.85 

3.73 

1,35 

62-25 

2 

4.37 

5.24 

6.55 

Grab 

4.62 

5.40 

6.66 

1.02 

0.24 

62-2J 

5 

4.51 

5.50 

7.09 

1.29 

0.30 

70 

4.73 

5.80 

8.85 

2.06 

0,99 

62-32 

2 

4,63 

5.50 

7.25 

62-33 

Grab 

4.32 

5.33 

7.04 

1.36 

0.35 
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TAaiEJ _ 

Particle  size  cnalysa  of  neor-flonk  sediments  (Cwit'd) 


Core 

No. 

Depth  fn  Core 
(cm) 

QW 

Md{/ 

Q3y 

QIV 

Skq/ 

62-34 

3 

5.45 

7.10 

9.32 

1,94 

0.29 

68 

5.45 

7.60 

10.63 

2.59 

0.44 

146 

7.54 

8.70 

9.86 

1.16 

0,00 

62-35 

Grab 

5.32 

6.60 

9.00 

1.84 

1.12 

62-36 

3 

5.05 

6.25 

8.57 

1.76 

0,56 

34 

4.30 

5.25 

7.85 

1.78 

0.83 

72 

5.27 

7.00 

9.75 

2.24 

0.51 

62-37 

3 

5.65 

7.25 

9.18 

1.77 

0.17 

35 

4.00 

6.20 

9.10 

2,55 

0.35 

57 

5,05 

6.70 

9.70 

2.32 

0.68 

62-38 

5 

4.98 

6.52 

8.22 

1.92 

-0.38 

35 

5.04 

6.70 

9.10 

2.03 

0.37 

62-39 

4 

4.98 

6.50 

8.90 

1.96 

0.44 

11 

3.96 

5.55 

10.40 

3.22 

1.63 

48 

4.77 

6.76 

9.52 

2.38 

0.39 

90 

5.55 

7.85 

10.38 

2.41 

.  0.12 

62-57 

10 

6.83 

8.52 

10.25 

1.71 

0.02 

74 

4.26 

6.00 

11.20 

3.47 

\.7i 

145 

4.93 

5.79 

8.85 

1.96 

MO 

62-58 

3 

5.10 

6.56 

9.20 

2.05 

0.59 

91 

4.74 

.6.06 

8.85 

2.07 

0.75 

6’-1 

3 

5.12 

5.98 

9.00 

1.94 

1.08 

47 

4.83 

5.95 

9,50 

2.34 

1.22 

-.  57^  _ 

.  .4*9« _ 

in  17 

An 

.  ,  _  n  u%i%- 

61-9 

5 

4.56 

6.17 

8.43 

1.94 

0.32 

15 

4.62 

5.75 

9.15 

2.27 

1.14 

48 

4.71 

5.38 

7.56 

1.43 

0.76 

57 

5.12 

6.15 

10.20 

2.54 

1.51 

61-10 

5 

5.05 

6.00 

8.44 

1.70 

0.74 

25 

5.24 

6.29 

9.00 

1.88 

0,83 

61-19 

5 

5.51 

6.68 

8.91 

1.70 

0.53 

45 

5.44 

6.76 

9.26 

1.91 

0.59 

55 

5.42 

7.02 

10.78 

2.68 

1.08 

82 

6.7B 

B.52 

11.78 

2.50 

0.76 
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Constituents;  All  motorlol  greater  than  250  microns  in  diameter  wos  iep«ateW 
fron  each  su^omple  used  for  size  analysis  and  exomined  under  a  binocular  microscope. 
This  procedure  was  follaw«i  to  determine  the  nature  and  the  source  of  the  sedimentary 
material  and  to  estimate  grossly  the  abundance  of  various  components  present. 

Near-flank  sand*slzed  pwtlcles  are  corojxHed  predomlnmitly  of  skeletal  end  non- 
skeletol  calciian  carbonate.  The  skeletol  dewls  Is  representei  the  tests  of  plank- 
tailc  and  benthonic  fonsnlnlfero,  pteropods,  ostnscoM,  calcareous  olgae,  molluscs, 
coral  debris,  alcynorlcn  spicules,  and  eclwold  spines  and  plotes.  Nonskeietoi  parti¬ 
cles  are  oolites,  casts  of  foramlnlfera,  end  oolltn-Itke  particles  described  by  llflna 
(1954)  os  grains  of  aragonite  matrix.  In  odditlon  to  the  calcareous  moterlol,  small  - 
amounts  of  siliceous  sponge  spicules  were  encountered. 

In  the  malorlty  pf  the  near-flank  cores  fibrous  plont-llke  moterlol  Is  preserrt  ar<d 
serves  to  dggregate  numerous  fine  porticles  which  ordinorlly  would  fall  Into  o  smoiler 
partlcle-slzc  category. 

No  visual  or  mlneraioglcol  examination  of  the  moterlol  comprising  tfajdlt  wd 
lutite  fraction  wos  mode;  l^ever,  X-rdy  onalysis  by  Rusnak  ond  Neiterofftt^S^ 
revealed  tint  the  finer  faction  becomes  more  colcitic  with  decreasing  grolnslze, 
and  the  less  than  2  micron  faction  contalru  about  equal  omounts  of  coicite  ra)d 
aragonite. 

Placement  of  this  sediment  Into  one  of  the  existing  deep-tea  sediment  clasilfieo- 
tlofis  after  Revelle  (1944)  or  Olouisen  (1961)  Is  unworrented  os  these  categorizing 
schemes  were  originated  for  the  constituents  normally  found  In  deejp-w  areas  nwdy 
from  rich  sources  of  shallow-water  moterlol.  Likewise,  eiosslficatlon  of  the  sediment 
under  one  of  the  many  schemes  for  shallow-woter  sediments  Is  not  feasible  due  to  the 
large  ^entity  of  deep-sea  components.  Gonsoqoentiy,  the  bottom  moferfol  from  the 
near-flank  areo  will  be  referred  to  as  cotcoreous  ooze,  and  no  generic  Implications 
ore  oftached - 

Oraanle  Corboni  Organic  carbon  content  of  the  top  centimeter  of  the  near-flank 
aKllmerdtTs  hlflh  reTatiye  to  somBles  from  the  central  qreo  of  the  TOTO.  Thejqwest 
voiue  of  organic  carb<w  content  from  near-fionk  samples  was  D. 21  percent,  the  highest 
2.48  percent,  and  the  average  1 .22  percent.  These  values  ore  lower  than  those  m- 
talnea  cn  the  shallow  banks  surrounding  the  channels  where  values  range  from  3  to  6 
percent  organic  content.  (Trosk,  1955)  but  ore  higher  then  the  average  deep-seo  sedi¬ 
ments  which  contain  0.3  to  1.5  percent  totol  organic  matter  (Schott,  In  Trask,  1955). 

A  strong  odor  of  H2S  wos  noticeable  from  all  the  near-flank  cores.  Over  half  of 
the^ores  fr^  this  group  were  measured  for  hydrogen  Ion  concentrotlon  (pH)  at  the  top 
and  bottom  Immediately  after  being  brought  aboard  ship,  and  In  all  Instances  the  pH 
was  between  6.0  and  7.2.  In  controst,  cores  from  the  central  or  axial  areo  show  litho¬ 
logic  features  Indicative  of  oxidizing  rather  than  reducing  conditions. 

Moss  Physicol  Properties!  Measurements  of  sediment  density^  water  content,  void 
rotio,  and  poratty  were  mode,  and  the  results  are  presented  In  Table  II.  In  some 
Instances,  cores  suitable  for  parfTcte  size  anolysls  were  not  considered  suitable  for  wau 
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phyjical  properflei  onolyie*;  consequenHy,  tho  doto  for  o  porttcutGr  ewe  may  appew 
under  one  heeding  and  not  the  other. 


TABLE  II 

Neor-flonk  sediment  density,  woter  content,  void  ratio,  end  porOslty 


Core 

No. 

Depth  In  Core 
(cm) 

Wet  Unit 
Weight 
(ffr/cc) 

Water 

Content 

(%) 

Veld 

Rotlo 

Porosity 

(%) 

62-1 

8 

1.53 

89.10 

1.60 

61.53 

27 

99.81 

- 

47 

1.54 

82.62 

2.30 

69.69 

71 

71.37 

94 

1.60 

68.86 

1.94 

65.98 

62-10 

14 

1.55 

82.22 

2,27 

69.41 

42 

61,34 

_ 

73 

1.63 

68.08 

1.87 

65.16 

1 

108 

74.06 

f 

1 

138 

1.65 

74.06 

1.76 

63.76 

:  62-16 

15 

1.73 

52.79 

1,46 

59.34 

43 

55.40 

75 

1.80 

50.98 

1.32 

57.08  , 

98 

59.29 

1 

121 

1.77 

46,51 

1.30 

56.52 

62-19 

n 

1.58 

69.90 

1.99 

66.55 

30 

75.94 

72 

1,59 

71.62 

1.99 

66.55 

88  - 

90.44 

..... 

--  41S - 

t  d-n 

ItW — 

- 

"tiTT 

63. 

^2-20 

31 

1.66 

58.94 

1.66 

62.40 

56 

61.62 

79 

1.63 

64.14 

1.80 

64.28 

105 

72.73 

130 

1.60 

71.73 

1.99 

66.55 

62-21 

18 

1.60 

67.82 

1.92 

65.75 

48 

,  ....... 

66.75 

78 

1.64 

63.33 

1.77 

63.89 

100 

61.45 

136 

1.66 

68.71 

1.83 

64.66 

62-24 

3 

1.63 

66.77 

1.84 

64.7B 

i  -  •  ■ 

16 

65.12 

28 

1.61 

63.49 

1.83 

64.66 

! 

39 

59.;^ 

! 

52 

1.63 

61.41 

1.76 

63.76 

1 

I 

I 
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TABLt  if 

Near-flank  aediment  density,  water  content,  void  rotio,  and  porosity  (Cont'd) 


Wet  Unit 

Water 

Core 

Depth  In  Core 

Weight 

(gnv^c) 

Content 

Void 

Porwity 

No. 

(cm) 

(%) 

Ratio 

(%) 

62-28 

13 

1.64 

63.30 

1.77 

63.89 

44 

60.98 

70 

1.65 

61.08 

1.72 

63.23 

114 

60.23 

142 

1.63 

66.01 

1.84 

64.78 

62-37 

3 

1.72 

129.89 

2.72 

73.11 

27, 

74.62 

33 

38.80 

34 

88.69 

59 

1.72 

46.69 

1.37 

57.80 

62-38 

2 

74.05 

-  - 

26 

83.34 

47 

93.24 

62-39 

n 

1,55 

65.85 

1.98  - 

66.44 

28 

65.90 

48 

1.63 

66.04 

1.83 

64.66 

70 

94.75 

90 

1.51 

83.01 

2.37 

70.32 

62-57 

19 

1.50 

91.16 

2.55 

71 

43 

73,74 

74 

1.69 

60.82 

1.65 

62.26 

113 

81.50 

145 

1.69 

58.41 

1.60 

61.53 

62-58 

3 

26 

1.39 

3.44; 

77.47 

46 

1.47 

97.79 

2.75 

73.33 

69 

-  n 

3 

.  -  -  »  Mk  .... _ 

85.72 

..  -.Mab  4tS 

nj,  .  - 

- 4^.  VI 

61-1 

”1  • 

1.72 

56.09 

1.53 

60.47 

16 

56.84 

28 

1.72 

56.00 

1.55 

60.78 

37 

1.79 

48.85 

1.32 

56.89 

47 

47.48 

61-9 

5 

1.59 

72.18 

2.01 

66.77 

15 

1.67 

59.77 

1.66 

62.40 

46 

1.70 

54.64 

1.53 

60.47 

57 

1.70 

60.30 

1.62 

61.83 

61-18 

5 

1.34 

92.15 

2,98 

74.87 

17 

1.55 

83.68 

2.29 

69.60 

23 

72.57 

35 

80.94 

45 

1.54 

79.26 

2.24 

69.13 

55 

1.55 

81.10 

2.25 

69.23 
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Density  measurements  ware  obtatned  by  Insartlng  a  cKroma  cylinder  of  known 
weight  end  volume  Into  the  ewe  and  extruding  the  core  from  the  liner  for  a  distance 
equal  to  the  length  of  the  cylinder.  After  trimming  and  wiping  the  exterior  and  ends 
of  the  cylinder  clean  of  exceu  sediment,  the  weight  of  the  sediment  ond  Its  cwtalner 
were  obained.  This  procedure  measured  the  wet  unit  weight  of  the  sedimentary 
material. 

Water  content  of  the  sediment  was  measured  by  longitudinally  splitting  the 
Increment  used  In  the  density  measurement,  extracting  a  sufficient  quontlty  of  the 
sediment  from  the  center  of  the  Increment,  weighing  the  sample  Immediately,  drying 
ot  105“C,  and  rewelghtng.  The  water  content  was  calculate  by  the  equation: 

Weter  Content,  w(%),  =  (Wet  Weight,  -  Dry  Weljht) 

Dry  Weight 

The  void  ratio  was  determined  by  the  equotloni 

Vv> 

Void  Ratio,  e,  =  — 

V, 

where  ^  ^ 

*  Specific  Gravity 

and  Vy  “  I  “  V|. 


Porosity  of  the  sediment  was  obtained  by  the  equation! 


Porosity  {%) 


°  Total  Volume  ** 


The  wlues  presented  In  Table  li  show  approximately  70  percent  of  the  ceres  In 
the  near-flank  area  decreoslrtg  In  water  content,  void  ratio,  ond  porosity  with  depth 
In  the  sediment  and  Increasing  In  density  with  depth.  However^  partfeie  grain  size .. 
Is  strikingly  similar  through  the  sediment,  and  the  mlneroT^cdl  compcsltlors  Ti  d lm«t 
wholly  C0CO3.  The  Increase  In  density  with  depth  In  the  sediment  11  most  likely  the 
result  of  compaction  and  consequent  loss  of  Interstitial  water. 

Below  are  the  maximum,  minimum,  and  average  values  of  the  properties  tabulated 
In  Table  III 


Property _ Maximum _ Minimum _ Average 


Wet  Unit  Weight 
Water  Content 
Void  Ratio 
Porosity 


1.80  1. 

129,8  47. 

2.98  1. 

77.5  56. 


34 

1.62 

4 

70.4 

1.93 

5 

65.2 
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Axial  Sedimenfi 

Bottom  lomples  rapfesentlng  axial  sediments  are  from  the  reiativaly  flat  orea 
located  at  the  base  of  the  flonki  of  the  channel  In  the  narrov^  elongated  portion  of 
the  TOTO  north  of  the  cu  Wo-soc  (Fig  6).  Compared  to  near-flank  sediments,  frylal 
«idlment8  are  charaeterlzed  by  lighter,  more  varied  calar,  o  wider  range  of  portlcle 
grain  size,  higher  density,  lower  water  ond  organic  carbim  content,  end  mony  abrupt 
changes  In  lithology  with  depth  In  the  sediment.  Cores  62-60  through  62-63,  which 
are  from  Northeast  Providence  Channel,  are  Included  herein  because  of  their  slmllorlty 
to  axial  sediments. 

Cores  Included  within  the  axial  category  ores 


62-2 

62-22 

62-50 

61-6 

62-3 

62-23 

62-51 

61-7 

62-5 

62-27 

62-52 

61-8 

62-7 

62-29 

62-60 

61-21 

62-8 

62-30 

62-61 

61-22 

62-13 

62-31 

62-62 

62-16 

62-47 

62-63 

62-17 

62-48 

61-2 

62-1 B 

62-49 

61-4 

Samples  from  the  central  reaches  of  the  channel  show  frequent,  abrupt  changes  In 
sediment  color  with  depth  fh  the  core  (FIg  B),  Colors  range  from  dark  yellowish  brown 
(IOYRV^)  lo  a  pure  White  (N9),  ond,  In  the  majority  of  Tnitonces,  the  color  changes 
do  not  appear  related  to  a  chonge  In  any  particular  ledlmentaryj  property.  Colors  In 
the  orange  hue  are  prevalent  and  are  believed  to  represent  oxidation  of  thtr ferrous  Ions 
present  In  the  sedlm^t.  As  opposed  to  the  near-flank  sediments,  no  W25  odor  woi  de¬ 
tected  In  the  axial  sediments,  and  the  few  pH  measurements  taken  were  aiwovs  In  excess 
of  7.0.  Superimposed  on  the  colors  recorded  In  Figure  8  are  occasional  blulsh-black 
mottles  and  streaks  throughout  the  ma|orlty  of  the  cores  which  ore  probebly  due  to  de¬ 
composition  of  plont  debris  Incorporated  Jn  the  sediment.  Plate  |  compares  g  tyBlcol .  . 

core  from  the  dxlal  ond  nwr-flork  prea. 

Almost  all  oxial  cores  contain  relatively  coarse-grained  layers  oriented  normal  to 
the  core  oxis.  These  loyers  ore  In  sharp  controst  with  the  underlying  moterlal,  grade 
groduoily  Into  the  overlying  material,  and  show  a  gradation  from  coarse  to  fine  ledl- 
menti  upward  In  the  core.  Plate  H  Is  an  example  of  this  type  deposit,  and  core  61-21 
In  ^gure  8  shows  the  decrease  In  mKlIon  grain  size  dlsneter  upwards  In  one  of  the 
graded  beds.  In  a  few  of  the  cores  the  coorse  layers  are  only  slightly  codrser  than  the 
surrcxmdtng  material,  mid,  as  a  result.  In  o  freshly  split  core  the  upper  portion  of  Hie 
g^ed  sequences  ora  difflojit  to  recognize.  However,  on  drying,  the  decrease  In 
particle  size  upwards  becomes  conspicuous,  and,  as  discussed  by  Erlcson  et  al  (1961), 
the  shrinkage  of  such  sediment  on  orylr^  Is  pr^^lonal  to  the  ratio  of  lunfe"  particles 
to  larger  grains.  In  effect,  the  differential  shrinkage  of  the  sediment  when  thoroughly 
dry  produces  o  smootMy  topered  Increment  where  tM  bose  of  the  smraence  (due  toless 
contraction)  Is  wider  than  the  upper  pm^lon  of  the  layer  ^ere  It  mwes  contact  with  the 
overlying  sediment. 
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Cause  of  graded  bedding  slmTior  fo  that  present  In  the  TOTO  sediment*  Is  discussed 
by  Kuenen  (1953)  and  Kuenen  and  Menard  (1952),  and  lithologic  fwtures  of  this  nature 
ore  suspected  to  be  the  result  of  deposition  by  turbidity  currents  of  high  density.  Such 
processes  are  of  short  temporol  duration,  and  the  velocity  attained  by  the  turbid  flow  Is 
dependent  upon  the  density  of  the  flow  and  the  slope  gradient  over  which  It  Is  passing, 

As  the  turbidity  current  decreases  In  velocity,  the  coarser  and  gradually  the  finer  ana 
finer  particles  are  deposited;  hence,  vertlcoi  grading  results.  Graded  beds  of  this 
nature  and  the  suspected  mode  of  deposition  hove  been  deslgnatwi  by  Kuenen  (1957)  as 
"turbldltes,"  and  thlsflomesclature  will  be  used  herein. 

Turbldites  do  not  Mnerally  occur  at  the  same  depth  tevol  In  all  cores,  or  are  they 
of  the  seme  vertical  thickneu.  Since  all  cores  except  those  preceded  by  the  number 
61  were  taken  with  the  same  Instrument  and  following  the  same  method,  differentially 
Induced  cempoctlon  through  vorlotlwi  In  sampllna  procedure  or  Instrument  type  Is  hot 
suspected  for  the  lock  of  correlation  between  turbldltes  fran  One  core  to  another.  To 
account  for  the  lack  of  horlrontol  continuity,  extensive  sheet-llke  turblditv  currents 
ore  not  theorized.  Instead,  localized  turbidity  flews  within  the  many  gullies  trending 
at  right  ongles  to  the  bonk  edges  and  Incising  the  channel  wails  are  mors  likely.  High 
velocity  restricted  flows  of  this  nature  are  discussed  by  Erleton  et  ol  (1961),  and  such 
locofized  transporting  phenomeno  which  have  originated  througfTsTumpIng  on  jKe  upper 
walls  or  bank  Mges  best  e^ialn  the  discontinuous,  variable  distribution  of  the  turbldltes, 
Rusnok  and  Nesteroff  (1962;  discussed  theTOTO  turbldltes  In  detail  ond  eonciuded  thot 
70  to  90  percent  of  the  channel  deposits  have  been  produced  iiy  turbidity  currents. 

It  Is  stated  In  tf  Technical  Report  by  the  University  of  Miami  (1958)  thot  density 
(turbidity)  currents  created  by  Instablllfy  of  sediments  on  the  edge  of  the  bonk*  may 
contribute  material  to  the  Floor  of  the  TOTO.  Many  of  the  cores  In  the  neor-flonk 
area  were  coileeted  from  within  the  gullies  ond  disployed  no  features  suggestive  of 
turbidity  current  deposition.  Consequently,  it  Is  expected  that  the  turbidity  currents 
originating  on  the  banks  above  the  neofflank  area  flow  with  sufficient  velocity  down- 
slope  to  prohibit  deposition  In  this  area.  On  the  other  hand,  turbidity  flows  moy  fee 
originating  near  the  base  of  the  flanks  and  flowing  outward  Into  the  cnannel,  thereby 
accounting  for  the  absence  of  turbidities  In  the  near-flank  sediment*. 

;Jtart|gl«i  S^ai  SI Itjnlzad  pnrtlfclai  cre  t'M  dominant  sIzeJraetIcM  Ib  the  axial _ 

sediments;  however,  compared  to  tbs  neor-fiank  area,  there  Is  o  decrease  In  percentage 
of  silts,  a  slight  Increase  In  sands  ^nerolly  explained  by  the  coarse  turbldlte  layers 


Sorting  values  are  higher  In  these  sediments  os  o  result  of  an  Increose  In  send  and 
iutlte.  Over  75  percent  of  the  samples  analyzed  are  poorly  sorted,  and  the  bulk  of 
the  remaining  samples  show  overage  sorting.  Sorting  values  In  the  turbldltes  are 
generally  high.  Rusnak  and  Nesteroff  (1962)  discussed  sorting  coefficients  and  ex¬ 
plained  the  poor  sorting  In  the  turbldltes  os  relating  to  the  small  size  of  the  channel 
which  limits  the  distance  over  which  sorting  ran  occur  and  to  the  hydraulic  behavior 
of  the  variety  of  biological  debris  In  the  turbidity  current  flow. 
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7ABL£  iii 

Particle  size  analysts  of  oxial  tedimentt  (Cont'd) 


Core 

No. 

Depth  In  Core 
(cm) 

Ql/ 

62-18 

3 

6.00 

W  ' 

5.66 

76 

5.05 

94 

5.45 

109 

-  5.08 

62-23 

1 

5.64 

3 

5.56 

11 

5.58 

-  21 

5.32 

36 

5.31 

62-27 

3 

5,11 

45 

3.48 

73 

5.24 

108 

4.79 

62-29 

5 

5.23 

17 

4.22 

38 

4.79 

99 

2.66 

106 

5.79 

129 

5.19 

62-30 

11 

6.00 

66 

2,54 

101 

5,72 

120 

5.35 

.^2-31 

10 

5.80  ‘ 

- — -  -- 

76^ 

149 

5.33 

62-47 

3 

4.43 

19 

5.57 

62-48 

3 

4.09 

51 

4.00 

91 

1.46 

101 

5.00 

62-49 

5 

4.42 

10 

4.51 

Md/ 

~  Q3/ 

QDf/ 

8.54 

10.94 

2.47 

-0.07 

8.50 

11.77 

3.06 

4,22 

7.90 

11.19 

3,07 

0.22 

8.15 

10.95 

3.59 

0.32 

8.85 

12.75 

2,75 

0.05 

7.62 

9.78 

2.07 

0.09 

7.61 

9.00 

1.72 

‘0,33 

8,00 

10.86 

2.64 

-0.28 

7,93 

10.99 

2.84 

0.22 

7.82 

10.05 

2.37 

-0.14 

6.85 

9.95 

2.42 

0.63 

5.51 

9.82 

3,17 

0.94 

7.57 

10.75 

2.76 

0.^ 

7.80 

11,16 

3.19 

0.18 

7.23 

"11.45 

3.11 

ini 

5.11 

6.00 

0.89 

0.00 

6.00 

10.10 

2.66 

1.44 

3,56 

5.43 

1.39 

0.49 

9.25 

11.58 

2.90 

-0.57 

7.W 

10.56 

2.69 

0.38 

8.03 

10.15 

2.07 

^Toi 

6.76 

10.12 

3.79 

-0,43 

9.00 

n.x 

2.76 

-0.98 

8.49 

11.35 

2.80 

0.07  ‘ 

8.13 

10.73 

2,47 

0.14 

/.ya 

rtrai 

-  ^  3.42 

0.42 

8.81 

13.55 

4.11 

0.63 

5.85 

9.50 

2.54 

1.12 

7.96 

10.86 

2.65 

0.26 

5.35 

8.15 

2.03 

0.77 

5.70 

9.60 

2.80 

0.90' 

2.42 

3.26 

2.18 

0.83 

8.02 

9.90 

2.45 

-0.57 

5.x 

6,58 

1.08 

0.20 

5.35 

7.16 

1.33  . 

0.49 

30 


J 


r: -  :  TABLE  im 

Porticie  size  onolxses  of  «xtal  ledlments  font's!) 


Core 

No, 

Depth  In  Core 
(cm) 

QV 

Md/  ‘ 

Q3?/ 

QDj/ 

Sk^ 

62-50C 

A 

6.00 

8. BO 

11.67 

2.84 

0.04 

44 

7.35 

11.20 

15,15 

3.90 

8.05 

o2-5J 

3 

5.53 

7.74 

]0.ii9 

2,53 

0.32 

25 

5.56 

8.31 

.  11,60 

3.02 

0.27 

56 

5.21 

7.48 

9.86 

2,33 

0.06 

62-52A 

3 

5.68 

7.86 

10^00 

2.16 

0.48 

8 

5.43 

7,52 

'‘iO.55  . 

2.56 

0.47 

52 

5.38 

8.25 

10.03 

2;63 

-0,05 

76 

4.99 

6.75 

9-58" 

2.30. 

0,54 

6:^ 

5 

4.91 

6.54 

"9.44 

2.27 

0.64 

42 

5,00 

6.08 

7*  14 

1-07 ; 

-0*01  . 

~  62*^1 

6 

3.55 

5.05 

7.95  ‘ 

2.20  " 

d,70  „ 

26 

4.06 

.  5.60  - 

9.18  “ 

2,56 

1.02 

68 

3.78 

^,26 

8.79  - 

2.51 

-  1.03 

93 

3.43 

5.25 

8.78 

2.68 

0.86 

'  o  ^ 

133 

5.35 

:8.35 

13.87 

4.26 

1 .26 

62-62 

'20 

5,36 

7,30 

11.08 

2.86 

:  0.92 

73  - 

5M 

8.25 

12.45 

3.66' 

0.55  _ 

138 

5,42 

-  7.90 

-il.64 

'  3,11 

0.63  ' 

62-63 

3 

5.01 

6.70 

10.05 

2.52 

0.83 

32 

5.50- 

“  9,23 

i4;io 

4.30 

0.57 

61-2 

5 

3,17 

3.73 

5,88 

1.36 

0.80 

15 

2.66 

4.07 

6.55 

2.00 

0.59 

_ 4.|4_^^. 

7.54 

-.-jQ-66— ^ 

“s'” 

5.42' 

7.13 

9.99 

2.29 

O.^SS 

15 

5Ji5- 

:  —-7.49 

9.66 

2.01 

0.17 

‘  25  ■  ~ 

6.07 

7.80 

10.67 

2.30 

0,57 

32 

5.47 

7.28 

10.75 

2.64 

0.83 

61-6 

5 

5.72 

7.02 

10.02 

2.15 

0.85 

25 

5.57 

7.15 

10.58 

2,51 

0.93 

35 

5.80 

7.62 

11.40 

2.80 

0.98 

45 

4.84 

6.33 

10.50 

2.83 

1.34 

61-7 

5 

6.06 

7.59 

9.78 

1.86 

0.33 

45 

0.15 

2,19 

4.32 

2.09 

0.05 

50 

-2.13 

-1.71 

5,41 

-1.12 

-0.10 

31 
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Parflcle  size  analyses  of  axiol  sediments  (Cont'd) 


Core 

No. 

Depth  In  Core 
(cm) 

QV 

\  Md^;^ 

QV 

QD{/  . 

-  Skq/ 

61-8 

5 

6.89 

8,52 

11.11 

2.11 

0.48 

25 

5.02 

6,55 

11.55 

3.27 

1.74 

65 

5.22 

7.30 

10.73 

2.76 

0.68 

61-21 

3 

3.93 

■"  4.74 

8.15 

2.11 

1.30 

10 

4.30 

6.46 

8.60 

2.15 

0,01 

15 

3.55 

6.01 

.  8.53 

2.49 

0.03 

29 

3.54 

6.09 

8.64 

2.55 

0,00 

40 

4.90 

7.31 

9,72 

2.41 

0,00 

50 

2.50 

5.69 

8.88 

,  8.19 

0,00. 

55 

0.28 

3.87 

7.45 

3.59 

0.00 

59 

5.27 

7,63 

9.99 

2.36 

o.oo 

96 

5.51 

7.99 

13.12 

3.81 

1.33= 

61-22B 

4 

4.99 

6,20 

7.0d 

2.01 

0.8Q 

^  12 

5.26 

6.85 

10.59 

2.67 

1.08 

22 

5.95 

7.77 

11.74 

2.90 

1.08 

30 

6,39 

8.43 

12.30  .... 

2.96 

0,92 

0 


Skewness  values  are  jsfedomlftantly  posltlvet  however,  prOfxx^ionolly  more  somples 
are  skewed  In  a  negative  direction,  and  the  skewness  voluei  more  closely  opprooch 
zero  than  nearH^lonk  sediments,  . 


Constituents  I  Ungraded  sections  of  the  axial  cores  are  dominated  by  ptbhlSbnfa^  ' 
foromlnlfera  and  pteropods;  although,  reef-derived  material  Is  pesent  to  some  degree. 
The  turbldites  are  composed  In  equal  part  of  pelagic  end  raef~qerlv^  materials, 
Pteropods  present  In  the  graded  beds  are  domlnot^  by  the  genera  Cresels  (fhe^tapered 

_ jUtt  _ —  — —  — — — 


Core  62-8  contained  a  number  of  both  clear  and  smoky  on^iar  quartz  particles 
which  were  not  encountered  In  any  ether  cpre.  Source  area  of  the  quartz  Is  unknown 
but  could  be  explained  through  tronsport  by  winds  from  a  terrestrial  continental  swjfde; 
although,  wider  distribution  of  the  anomalous  particles  would  then  be  expected. 


O rgon I c  Carbon;  Organic  carbon  content  In  the  axial  cores  averages  0,44  per¬ 
cent  anaTraBouTTpercent  lower  than  the  average  for  near-flank  sediments.  The 
mojorlty  of  cores  show  a  sharp  decr«ise  In  organic  content  with  depth.  The  maximum 
value  encountered  was  only  1 .03  percent, ^ 

Vosicek  (in  Erlcion  et  al^  1961)  advanced  the  theory  that  turbidity  currents  rushing 
down  slope  should  sweep  up  or  carry  along  much  living  or  deed  matter  which  would  be 
deposited  with  the  finer  froctlen.  Previously  Ericson  e^al_  (195^  reported  tte  eoi^aoe 
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occurrence  of  plant  debris  and  hydrotrolllte  (on  omorpbous  monosulfrde  of  Iron 
Fe5.H20)  In  un^ded  beds  within  ceres  from  the  Nwth  AtlontTc.  However,  It  con 
be  shown  that  no  evidence  of  organic  entropment  Is  present  trv  the  graded  portions  of 
oxlsl  sediments,  and  organic  coroon  values  frc^  turbidity  In  this  area  follow  the 
genenit  decrease  In  organic  matter  with  depth  found  throughout  the  sedlmi^nt. 

Mass  Ph^Ical  Propartless  Axial  cores  dlsplo^  retoHonships  between  ph)«tcai 
eroecrtlcs  with  depth  In  the  sediment  v^hleh  ore  similar  to  the  neor*ficnlr  groopr 


eroecrtlcs  with  depth  In  the  sediment  v^hteh  ore  similar  to  the  neorTicnlr  groopr 
Wllment  density  generally  inereoses  with  depth)  conversely,  woter  content,  void 
ratio,  and  porosity  values  generolly  decreote  with  depth. 

Table  IV  shows  the  sediment  from  this  oreo  to  be  slightly  denser  and  comiderobly 
lower  In  water  content void  ratio,  and  porosity  th<HFnear”flonk  sediments.  In  oddl’' 
tion,  the  a^lai  group  shows  less  magnitude  of  variation  of  these  vatuesiOround^the 
mean.  -  " 

Below  ore  the  moxlmum,  minimum,  end  average  voiues  of  the  properftes  tabuioted 
In  Table  iV; 


Property  , 

Wet  Unit-Weight 
Water  Content 
Void  Roflo 
Porosity 

_Culrde^c  Sediments 


Moximum 

=  1.76 

89.1 
2.58 
-  72.1 


Minimum 

- 

'  1.53 

44.5 
1.35 
56.3 


AN^roge 

1.66 

66.9 

1.75 

63.0 


Bottom  somples  representing  cul'^e'-soc  sedlmen^  ore  from  the  Hot,  central  area 
of  the.cul’de-soc  arid  the  flonks  bounding  the  northern  and  northeastern  portion  of  this 
area  (Fig  5).  Cores  from  the  central  portion  of  the  cutwie-soc  are  dlfferentlotmi  from 
neor-flonk  and  axial  cores  by  more  frequent  turbldites,  poorer  sorting,  lower  density, 
higher  woter  oruj  organic  carbon  content,  a  high  void  rotjo,  and  o  higher  porosity. 


Cores  Included  In  this  group  ore: 

"  .  1 

62-40 

62-45 

62-56  I 

62-41 

62-46 

62-59  1 

62-42 

62-53 

_  61 -n 

62-43 

62-54 

61-12 

62-44 

62-55 

61-16 

Cores  62“45,  62-46,  62-44,  62-53,  and  62-55  ore  arbitrarily  Included  In  the 
cul-de-sac  group  because  of  variations  In  color  and  the  presence  of  o  few  recogniz* 
able  turbldites)  however,  these  cores  are  very  similar  to  near-flank  cores  and  tne 
dlfferersce  between  the  two  Is  slight. 
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7A5i£  iV 


Axial  sediment  denslt/j 

,  water  content 

f  void  ratio. 

and  peroslty 

Wet  Unit 

Wafer 

Core 

Depth  In  Core 

Welflht 

igrr/cc) 

Content 

Void 

PorosHy 

iNfo. 

(an) 

(%) 

Ratio 

m 

62“2 

27 

1.71 

54.90  .. 

4.52 

60.31 

60 

94.33 

85 

1.64 

63.94 

4,^ 

54.02 

112 

56.12 

137 

1.66 

59.69 

1.68 

62.68 

62-3 

26  ^ 

1.69 

62.13 

1.67 

62.54 

46 

58,21 

65 

1.66 

58.54 

1.65 

62.26 

93 

58.26 

120 

1.67 

57.84 

1.63 

61,^ 

62-7 

44 

1.67 

59.24 

1.65 

62,26 

67 

72.23 

88 

1.71 

58it5 

1.57 

61.08 

112 

59.35 

147 

1.65 

63.19 

1.76 

63.76 

62'« 

14 

1.65 

59.24 

1.68 

62.^ 

26 

72.23 

42 

1.64 

58.15 

1.70 

62.96 

55 

59,35 

74 

1.64 

63.19 

1.76 

63.76 

62-13 

65.51 

i.« 

-  7TiTf~ 

66.06 

— Twrxr 

70 

1.71 

53.31 

1,49 

59.83 

101 

64.39 

134 

1.72 

60.68 

.  1.43  . 

^.58^ 

62-16 

3 

1.63 

68.25 

1.87 

65.15 

^.46 

60.05 

80 

1.62 

65.29 

1.63 

64.66 

115 

69.35 

156 

1.66 

62-17 

1.64 

69.89 

1.88 

65.27 

52 

60,78 

76 

1.66 

38.50 

1.65 

62.26 

93 

56.85 

113 

1.67 

55.34 

1.58 

61 .24 

‘j 

•I 

t 
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TABlEiy 

Axial  sedlmsit  density,  water  content,  void  ratio,  end  porosity  (Cont'd) 


Core 

No. 

Depth  in  Cese 
(cm) 

Wet  Unit 
Weight 
(gnv^) 

Woter 

Content 

(%) 

Void 

Rotlo 

Porosity 

(%) 

62-18 

3 

1.58 

82.94 

2.22 

68.94 

28 

72.75 

46 

1.66 

64.31 

1.76 

63.76 

80 

66.25 

109 

1.66 

64.20 

1.75 

63.63 

62-22 

3 

1.57 

87.23 

2.31 

69.78^ 

22 

67.25 

42 

1.58 

76.77 

2.12 

67.94 

"  '  ■ 

61 

69.92 

_  _ 

78 

1.67 

48.36 

1.47 

59.51 

62-27 

16 

1.68 

55,27 

1.57 

61.08 

32 

69.62 

56 

1 .68 

53.54 

1.54 

60.62 

90 

53.75 

108 

1.73 

54.14 

1.48 

59.67 

62-29 

38 

1.59 

60.61 

1.65 

62.26 

71 

69.03 

104 

1.56 

77.24 

2.16 

68.35 

.  .  .  - 

129 

1.67 

58.02 

1.65 

61.97 

«-30 

11 

1.68 

116.35 

2,58 

72.06 

44 

26.81 

66 

^  1.70 

60.21 

1.62 

61.83 

93 

70.81 

. 120 _ 

-  L.69 

_61.24 

1.65 

62.26 

62-31 

10 

1.60 

67.50 

1.91 

65.63 

45 

79.02 

78 

1.70 

56.22 

1.55 

60.78 

123 

55.28 

149 

1.74 

49.04 

1.38 

57.98 

62-47 

3 

1.65 

61 .52 

1.75 

63.36 

62-48 

3 

1.74 

61.25 

1.51 

60.15 

27 

50.54 

51 

1.74 

51.88 

1.29 

56.33 

76 

60.65 

101 

1.57 

54.82 

2,11 

67.84 

62-49 

3 

1.75 

48.15 

1.35  ^ 

,  ^,44.  _ 

ii 

ii 

!] 


I 
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TABLE  iV  - 

Axial  sediment  density,  water  content,  void  ratio,  ond  porosity  (Cont'd) 


Core 

No. 

Depth  In  Core 
(cm) 

Wet  Unit 
Weight  , 
(grrv4c) 

Woter 

Content 

(%) 

Void 

Ratio 

Porosity 

(%) 

62-50 

3 

1,58 

89.17 

2.33 

69.96 

24 

62.86 

44 

1.64 

64.75 

1.79 

64.14 

62-51 B 

3 

1.64 

72.06 

1.92 

65.75 

25 

1.65 

65.13 

1.79 

64.15: 

56 

1.68 

54.74 

1.56 

60.93 

62-52A 

3 

1.59 

87.56 

2.28 

69.51 

31 

68.38 

52 

1.68 

59.10 

1.63 

61.97 

73 

52.73 

97 

1.74 

49.19' 

1.39 

58.15 

62-60 

16 

1.70 

56.71 

1.56 

60.93 

29 

55.02 

41 

1.70 

61.20 

1.64 

62,12 

64 

59.29 

82 

1.72 

53.57 

1.48 

59.67 

62-6} 

6 

1.67 

60.18 

\.67 

62.54 

38 

54.21 

68  ■ 

1.72 

55.01 

1.51 

60.15 

100 

55.27 

133 

1.70 

55.75 

1.30 

64.28 

62-62 

9 

1.69 

62.76 

1.68 

62.68 

44 

56.06 

■  ... 

- - 

r*w 

— ooroo - 

-  — 

■  ^£,26-" 

105 

55.47 

138 

1.65 

59.74 

1.69 

62.82 

62-63 

5 

1.64 

75.41 

1.98 

66.44 

17 

59.12 

32 

1.66 

61.75 

1.71 

63.09 

61-2 

6 

1.70 

60.90 

1.63 

61.97 

15 

1.68 

61.55 

1.67 

62.54 

22 

58.79 

61-4 

5 

1.62 

70.33 

1.92 

65.75 

15 

1.68 

61.87 

1.68 

62.68 

25 

1.65 

80.76 

2.05 

67.21 
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TSSLEJV  ;  -  :  7V 

AxIqI  sediment  density,  water  content,  void  ratio,  and  porosity  (Gont'd) 


Core 

Pepth  In  Core 
(cm) 

Wet  Unit 
Weight 
ferr/co) 

Woter 

Content 

(%) 

IJ 

1  ■ 

1 

>re. 

61-6 

5 

1.67 

62.05 

1.70 

16 

58.25 

25 

1.65 

63.58 

1.76 

35 

1.65 

65.08 

1.79 

44 

65.18 

61-7 

5 

1.65 

63.00 

1,75 

25 

1.66 

63.68 

,1.74 

35 

44.47 

^  61-8 

‘  5 

1.53 

85.51 

2,37 

25 

1.66 

64.94 

1.76 

45 

1,64 

65.67 

1,81  •• 

56 

1.65 

61-21 

3 

1,69 

56.76 

1.58 

12 

1.66 

64.86 

1,76 

21 

1.69 

59.30 

1.62 

29 

1.69 

62.73 

1.67 

48 . 

1.71  * 

54.67 

1,51 

56 

1.68 

55.14 

1.56 

68 

1.71 

59.06 

1.58 

76 

1,73 

56.72 

1.52 

61-228 

,  .  4  _ 

51.99 

■11 

1.73 

53.83 

1,47 

20 

58.36- 

29 

60.74 

Porosity 

(%) 


62.94 

47.74 
,44.15 

63.64 

,>3.50 

70.32 

67.74 
64.44 

61.24  _ 

63.76 

61.83 

63.54 

60.15 

60.93 

61.24 

60.31 

59.51 


*u  cul-de-soc  cores  ore  presented  In  Figure  9,  ond, 

ETLbb  centroi,  tfaf  reashas  of  tL  area  can 

^  port  of  turbldltesond  sediments  lord  down  particle 

^-particle  hm  the  water  co  umn.  Turbldltes  tn  this  area  accounted  for  welTover 
40  percent  of  the  seafment  column  sampled.  In  the  cu!-de-soe  It  was  difficult  to 

f  the  overlying  sedlmen?,  he^S,  It  Is 

K  ^he  d^ata  reS  sediment  column  Is  due  to  turbidity  ^ents  , 
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”EHctudIng  zonej  of  turbldifs  occurrences,  cores  from  throughout  the  cu  I ’de-sac  ore 
similar  In  texture  uhd  color  to  neor-flonk  cores,  and  the  portion  of  those  cores  oHrlb- 
utobie  to  pelogic  type  sedimentation  is  strikingly  sffftllor  to  the  neor-flarjk  areo.  The 
top  2  or  3  centimeters  of  almost  oil  cul-de-sac  cores  show  on  ocgnge-red  hue  w^ch_,^ 
Is  Indicative  of  oxldlrlng  conditions  ot  the  surface  and  vrhlch  Is  ohsdht  ttfr^gnool^me 
remainder  of  the  sediment  with  depth.  Core  62“-4d  contalru  a  vary  coorse  zone  unlike 
0  typical  turbldite  in  that  the  zone  shows  no  oTadlnp  but  consists  ofo  reef  detritus 
where  both  the  top  and  bottom  contact  with  the  enclosing  sediment  Is  sharp.  This 
portlculor  sequence  Is  probobly  the  result  of  sand  “hslts"  over  the  bank  edges  rather 
them  turbidity  current  deposition. 

Portlcle  Size;  Silt  Is  the  dominant  size  fraction  In  this  area  oi  well  os  the 
remainder  of  the  tOTO;  however,  the  Increase  In  tufbldites  compared  to  the  oxial 
area  raises  the  percentoge  of  sond  by  o  slight  omount.  The  gradw  nature  of  turbiditei 
1$  opporent  In  cores  62”42  and  61 -I  o  {Fig  9)  where  a  decrease  in  mecflon  groin  ditzneter 
upwords  In  turbldite  zones  in  the  core  Is  obtervoble.  The  overoge  size  dritributlon  of 
the  samples  orwlyzed  is  20  percent  sand,  29  percent  silt,  ond  51  percent  lutlte. 

Poor  sorting  Is  prevalent  among  these  sediments,  although  a  few  of  the  samples 
analyzed  from  fne  l^tom  of  the  coarser  tufbldites  show  almost  perfect  sorting.  Skew¬ 
ness  values  ore  not  much  different  then  the  oxlol  sediments  in  that  the  m0[ofHy  of 
samples  ore  positively  skewed  with  o  few  negctive  values  preMnt  (Table  V)«  " 

Constltueritsi  Constituents  comprising  the  cul-de-sac  sediments  ore  not  unlike 
the  other  areas  of  the  channel,  Turbldltes,  however,  contain  a  greater  percentage 
of  reef-derived  moterlol,  q.«I  oolites  ond  eoilth-llke  particles  constitute  a  malor 
portion  of  the  reef  detritus.  Plant  debris  Is  more  prevalent  throughout  cul-de-sac 
sediments  than  In  the  oxial  area,  ond  several  turbldltes  contain  thin  zones  of  this 
fibrous  material  Incorporated  Into  the  sequence. 

Organic  Carbwi;  Organic  carbon  content  of  the  sediment  In  this  area  Is  the 
highest  encounteredln  the  channel  and  Is  probably  due  to  the  Increase  In  plant 
detritus.  Surface  values  of  organic  carbon  ore  os  high  os  2.00  percent  ond  decrease 
In  the  channel. 


Mess  Physical  Properties «  Sediments  In  the  cul-de-sac  are  less  dense  ond  contain 
a  higher  water  content  than  any  sediments  In  the  TOTO,  ond,  In  like  manner,  void 
ratio  and  porosity  values  are  also  highest.  Although  the  water  content  riiows  a  da- 
creose  from  top  to  bottom  In  the  cores,  there  ore  Interoiptlons  In  a  uniform  dspreose 
with  depth  which  ore  probobly  doe  to  the  large  amounts  of  coarse-grained  turbldltes 
present.  The  turbldltes,  being  more  pourous,  are  capable  of  holding  greater  water 
content  than  the  flne-grolned  materiel  above  and  below. 

As  In  the  other  TOTO  cores,  sediment  density  generally  Increases  while  void 
rotio  and  porosity  decreose  with  depth  In  the  sediment. 
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FIGURE  9  LONGITUDINAL  CROSS  SECTION  OF  CUL-DE-SAC  CORES 


DtqH  IN  COKE  (CM) 


TAS^  V 

Portlets  size  analysis  of  cut"denao  sediments 


Core 

No. 

Depth  tn  Core 
(cm) 

Md?/ 

03/ 

GS)/ 

''Sfcq/ 

62-40 

S 

5.35 

6.94 

9.36 

2.06 

0.47 

26 

4.70 

5.76 

8.40 

1.90 

0,79 

42 

1.94 

3.19 

5.30 

1.68 

0.43 

65 

1.09 

4.00 

6.87 

2.89 

-0.02 

129 

5.25 

7.10 

10.38 

2.57 

0.72 

62-41 

3 

5,37 

6.65 

8.53 

T.58 

0.30 

25 

2.21 

3.37 

5.15 

1.47 

0.31 

56 

3,5$ 

4.29 

5.62 

1,02 

0.32 

75 

4.95 

5.98 

9.S) 

2.28 

‘  1.25 

93 

6.32 

8.27 

10.25 

1.97 

0.02 

141 

1.92 

4.75 

7.57 

2.83 

-0.01 

62-42 

3 

.5.53 

7.12 

9.43 

1.95 

0.36 

27 

3.58 

4.32 

5.56 

0.99 

0.25 

38 

5.58 

8.85 

12.85 

.  0.37 

m 

4.63 

.  5.48 

8.89 

=-^.28 

123 

3.92 

4.80 

5.74 

0.91 

0,03 

137 

3.63 

4.32 

5.87 

142 

0.43 

62-43 

3 

5.94 

8.66 

11.45 

2.76 

0.04 

13 

3.93 

5.12 

7.70 

1.89 

0.7D 

37 

5.55 

8.50 

12.79 

3,62 

0.67 

41 

5.58 

7.77 

10.10 

2.26 

0.07 

99 

5.58 

8.50 

11.80 

3.11 

41,19 

62-44 

8 

5.69 

8.25 

11.15 

2.73 

0.17 

67 

5.45 

8.30 

12.60 

3.58 

0.73 

1.11 _ 

.  'L.Sl _ 

fi  OQ  _ 

-Jii-m.— _ _ 

_a  » 

.. 

62-45 

6 

5.46 

7.30  ' 

9.76 

2,15 

0.31 

94 

5.59 

7.95 

10.79 

2.60 

0.24 

62-46 

11 

4.55 

5.69 

8.25 

1.85 

0,7] 

26 

4.81. 

5.80 

9.30 

2.25 

1.26 

57 

4.62 

5.90 

10.62 

2.95 

1.67 

79 

0,75^ 

2.60 

2.'?5 

0.20 

-0.44 

62-53 

3 

5.20 

6.60 

10.:^ 

2.77 

1.37 

52 

5.16 

6.90 

10.83 

2.84 

i.ie 

102 

5.15 

7.70 

12.10^^ 

3.48 

0,93 

62-54 

6 

5.36 

6.73 

9.94 

2.29 

0.92 

19 

3.96 

5.11 

7.40 

1.72 

0.57 

41 

.3.39 

3.96 

J,52 _ 

U07 

0.50 

59 

5.34 

7.85 

14.08 

4.37 

1.86 
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TABLE  V 

Particle  »!ze  analyses  of  cu!-tie“sac  sediments  (Conf^d) 


Core 

No. 

Depth  In  Core 
(cm) 

01/ 

Md/ 

03/ 

QD/ 

Sfec(/ 

62-55 

3 

5.48 

7.44 

10.13 

2.33 

0.37 

58 

5.69 

8.70 

12.23 

3.27 

0.26 

120 

5.41 

8.00 

10.85 

2.72 

0.13 

62-56 

3 

5.55 

7.65 

10.39 

2.42 

0.32 

47 

5.40 

8,50 

12.95, 

3.78 

0.68 

66 

4.86 

7.97 

11.96^ 

3.55 

0.44 

62-59 

5 

5.16 

6.64 

9.56 

2.20 

0.72 

12 

2.19 

4.93 

9.80 

-3.81 

l.t^ 

22 

5.22 

7.50 

12,55 

3.67 

1.39 

33 

1.88 

3.00 

4.96 

1.54 

0*42 

59 

4.99 

7.50 

10.85 

2.93 

0.42 

61 -n 

1 

4.85 

5.85 

9.15 

2.15 

1.15 

21 

6.44 

7.96 

10,51 

-  2.04 

0,52 

61-12 

5 

5.05 

6.11 

9.40 

2.18 

1.12 

,  25 

.6.40 

8.07 

11.14 

2.37 

0.70 

61-16 

5 

5.74 

7.09 

9.65 

1.96 

0.60 

17 

3. 85 

4.86 

7.31 

1.73 

0,^ 

19 

3.55 

4.64 

7.24 

1 .85^“- 

21 

2.83- 

-4.16 

7.34 

2.26 

0.92 

24 

72.62 

4.33 

7,77 

2.58 

0,86 

27 

3.18 

3.92 

7.10 

1.96 

1.22 

29 

2.37 

3.79 

7.20 

2.42 

1.00 

35  . 

3.08 

3.77 

6.35 

1.64 

0.94 

A  /A 

41 

/  • 

y./y  ^ 

j  I  yo 

51 

3.82 

5,08 

7.85 

2.02 

0.76 

The  maximum,  minimum,  and  overogo  values  of  properties  presented  In  Table  Vi 
are  given  belowi 


Property 

Maximum 

Minimum 

Average 

Wet  Unit  Weight 

1,75 

1.40 

1.58 

Moisture  Cwrtent 

132.5' 

38.5 

76.7 

Void  Rotlo 

3.61 

1.20 

2.11 

Porosity 

78.3 

54.5 

67.0 

42 


TABLE  VI 

Cul“deTac  sediment  demity,  water  content,  void  ratio,  and  porosity 


Core 

No. 

Depth  In  Core 
(cm) 

Wet  Unit 
Weloht 
{gpvcc) 

Water 

Content 

(%) 

Void 

Ratio 

Porosity 

62-40 

26 

1.55 

75.06 

2.15 

68.25 

46 

67.97 

64 

1.62 

-02.15 

2.13 

63.05 

106 

83.27 

■  ' 

129 

1.51 

58.81 

2.47 

71.18 

62-41 

3 

1.40 

132.54 

3,61 

78.30 

43 

103.53 

"  - — 

75 

1,58 

84.50 

.  2.25 

69.23 

117 

90.43 

141 

'^1.54 

70,37 

2.08"  ‘ 

67.52 

62-42 

3 

1.45 

116.87 

3.17 

76.01  " 

42 

116.89 

79 

1.45 

87,27, 

2.60 

72.22 

113 

54.73 

•  ■' 

137 

1.75 

38.46 

,1.20 

:  ^-54,; 

62-43 

13 

.  1jS4 

59.71 

1.71 

83.09* 

34  ^ 

84.22 

50 

1.63_ 

68.78 

1.88 

-,65.27 

7\.r 

0^.09 

*  - 

- 

99 

1 .55 

59.59 

1.69 

62.82 

62-44 

8 

1.57 

76.43 

2.13 

68.05 

36 

73.35 

«7  . 

1.57- 

^  .  _77,55_ 

2.14  _ 

.  _  68^ 

•  - 

T04 

131 

1.66 

61.97 

2.31 

69.78 

62-45 

31 

1.62 

62.32 

1.79 

64.15 

47 

69.77 

-- 

63 

1.59 

69.85 

1.97 

66.32 

77 

80,43 

94 

1.60 

73.67 

2.02 

66.88 

62-46 

8 

57.24 

26 

1.69 

57.17 

1.58 

61.24 

43 

66.24 

57 

1.65 

63.82 

1.76 

63.76 

I 
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TABLE  VI 


CultJe"W!  sedfment  density,  water  content,  void  ratio,  and  por«lty  (Cont'd) 


Wet  Unit 

Water 

Core 

Depth  In  Core 

Weight 

(gm^c) 

Content 

Void 

Porosity 

No. 

(cm) 

{%) 

Ratio 

(%) 

62-53 

3 

1.54 

92.98 

2.46 

71.09 

26 

82.85 

52 

4.66 

67.92 

1.88 

65.27 

78 

67.81 

102 

4.51  - 

53.^ 

1.48 

59.67 

62-54 

19 

1.54 

66.24 

2.00 

66.67 

34 

68.38 

59. 

1.66 

63.96 

1.75 

63.63 

62-55 

3 

1.51 

107.86 

2.83 

73.89 

35 

73.57 

58 

1.54 

90.18 

2.16 

68.35 

81 

57.74 

83 

60.33 

120 

1.74  ' 

49.87 

1.39 

58.15 

62-56 

3 

1.54 

87.69 

2.39 

70.50 

29 

84.26 

47 

1.57 

76,35 

2.13 

68.05 

66 

1.71 

55.89 

4.53 

„  59.28 

62-59 

_ 22 

1.65 

64,81 

1,78 

64.02 

45 

66.24 

59 

1 .72' 

52.19 

1.46 

59.34  ^ 

61 -n 

5 

- f6  — 

1.48 

%  An 

96,44 

2.69 

72.89 

—  t  mt, — - 

"  -  '  - ^ ' 

- - ^ 

25 

105.12 

35 

1.49 

100.07 

2.73 

73.19 

45 

86.89 

53 

83.51 

61 

98.80 

61-12 

5 

1.56/^ 

77.05 

2.16 

68.35 

16 

76.43 

25 

1.58 

90.57 

2.46 

71.09 

45 

70.73 

61-16 

5 

1.53 

51- 

1.64 
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RATE  OF  SEDIMENT  ACCUMULATION 


The  foliewlng  dUcwsIon  fs  based  oo  radlocerbem  dating  of  the  70TO  sediment*  _ 
by  Ostiund  et  oT  (1962)  and  date  presented  by  Rusnok  ond  Nesteroff  (1962), 

FlguFo  10  shows  the  location  of  o  few  of  the  cores  doted  ond  the  bulk  rate  of 
sediment  occumulotlon  at  these  locations.  Figure  11  gives  tfie  freqaency  of  furLIdlty^ 
eurrcf^  flows  et  selected  locotlom. 

According  to  Ostiund  ef  a[  (1962)  the  totes  of  sedintmt  accumufatlon  In  the  lOTO 
ore  generally  highest  on  theTwnk  slopes .  Those  deeper“wafef  core*  tbot  show  o  rela“ 
tively  high  rote  of  accumulotlon  ore  from  the  narrower  seciloiu  of  the  eheasnel,  end, 
therefore,  tend  to  show  a  thicker  occumu lotion  for  a  given  volume  of  supplied  sediment 
than  Is  fourd  In  the  brooder  reaches  of  the  bosfn. 

The  oldest  sediment  doted  by  Ostiund  et  d  (1962)  In  the  TOtO  wa»  26,275  years 
±  570  yeof*  ond  was  between  132  to  137  eentlmeters  depth  In  the  cor«>  Aceordlrrg  to 
o  time  scale  presented  1^  Ertesoo  et  al^(i961)  this  dote  lie*  within  the  lostglaclptldd. 
^teson  «  al  (1952)  reported  fhpt  Cretaceous  sediments  overloln  by  Ttelstocenegsrid  - 
Recent  sediments  were  encountered  In  c  core  token  of  3,383  metaKiyst  northi  of, New 
Providence  UIdhd,  The  authors  occounted  for  the  absent  series  by  turbidity  current 
erosion  of  exposed  Cretaceous  sediment*  o#  o  point  not  fer  from  t}»,jcore  locotlon. 

“  ^Sediments  in  the  central  ofea  of  the  TOTO,  apparently  laid  down  tlwwjgh  partlcie- 
by-partlcle  deposition,  were  termed  by  Rusnok  and  Nesteroff  os  pelogjc  sediments,  ond 
they  calculated  a  very,*low  rOte  of  accumulation  for  this  type  sedlmirtst.  The  slow  rote 
of  pejoglc  sediment  occumwlotlon  become*  apparent  by  comjxirlng  the  bulk  sediment 
accumulation  per  1,000  yedrs  at  various  iocotlpns  jn  Figure  10  9«!n*t  o  range  of  1 ,5 
to  3.ff  centimeters  per  1,QOO  yeors  aceienulotloo  dttrlbured  ito^pelogTc  type  sedlmeots,*^- 
The  balance  of  the  sedloteids  rrot  occounted  for  by  portlcie'^rportlcie  (Mposltlon 
during  a  1,QP0  year  period  Is  oulgned  to  tuTbldltJf  currents,  Freguently  the  turbfdites 
ore  eohslderpbly^derthan’Hsrsedlments  ovef=wwchThey  lie.  Indicating  that  on 
accumulotlon  of  reef~derlved  ond  pelt^Ic  rnaterfoi  builds  up^onlhe  upper  sIc^t-oT  ' 
Ihe  neor-tldfSt  afeo ,  end,  Thte^Ti  wfToSflrcaoSes,  irrefeosed  tpTlo^  d^idi" slope  ^  ^ 
top  of  the  moterloi  deposited  contemporaneouify  with  the  boilifup  of  near-flank 
accumulations. 

From  Figure  10  the  rote  of  sediment  occumulotlon  can  be  seen  to  diminish  north” 
ward  qJang  tne  channel  axis;  likewise,  frequency  of  turbidity  current  occurrence  also 
diminishes  In  the  same  direction  (Fig  1 1),  Consequently,  as  the  pre^t  channeL  floor 
continuously  slopes  In  a  dlre^ton  coinciding  with  decrecslng  sediment  accumulation, 

It  Is  expected  that  the  slope  of  the  ehonnel  floor  Is  In  large  poff  a  deposltlonof  gradient, 
rather  than  due  primarily  to  soma  underling  itruaturol  mec^nlsm. 
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FIGURE  10  RATE  OF  BULK  SEDIMENt  AOCOMUIATION  AT  SEIECTED  LOCAr»ONS 

INTTETOTO 
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ENGINEERING  PROPERTIES 


Shear  Slrength 

A  fesf  for  sheering  sfrength  (cohesion)  wos  perfomied  of  the  top.  middle,  and 
boHoen  of  oil  cores  considered  to  be  ondlsfurbea  orjd  to  hove  an  unaltered  vrafer 
conter»t.  Where  obvious  dtsturbcnce  of  the  core  hod  token  ploce  during  collection,  " 
no  shear  strength  tests  were  performed;  however,  In  some  Instances,  water  content 
meosurements  were  feasible  although  the  exterior  of  the  core  wos  disturbed. 

Shear  strength  measurements  were  performed  on  the  some  core  Increments  used 
In  the  sediment  density  determinations  oy  carelutly  extruding  the  sample  from  with” 
In  the  cylinder  arxi  Into  the  testing  device. 

The  testing  procedure  Is  deerlbed  In  detoll  by  Richards  {1961)  and  Is  only  briefly 
discussed  herein.  An  unconfined  compression  testing  device  with  pfostlc platens 
ot  either  end  of  on  oxtal  rod  wos  used  to  tneasure  fl^, compressive  strength  (2  times 
the  sheer  strength)  on  sediments  of  moderate  firmr»e«,  A  stress-strain  relotldnship  1* 
obtained  by  piecing  on  ever  Incfecslng  locso  on  The  upper  end  of  the  dxial  rod  with 
the  sediment  Increment  standing  upright  bencoth.  Failure  of  th*  sampje  wos  taken  " 
by  subsequently  plotting  the  stress-strain  data  ond  toking  failure  at  the  point  of 
greatest  curvoturo  in  the  plotted  tine,  or  orbitrorily,  ot  20  percent  oxiol  strain  if 
the  point  of  greatest  curvature  was  wndeterminoble. 

When  the  sediment  was  soupy  or  not  very  cohesive,  a  vone-sheor  apporotus  wos 
used  in  which  a  wine  was  inserted  Into  the  s^Irnimt  orsd  rotated  by  a  comtantHpeed 
motor.  De^ee  of  vane  rotation  and  degree  of  applied  torque  was  recorded  ot  the  be 
ginning  and  during  the  tesf,  Somple  failure  wos  determined  ot  the  mojor  inflection 
point  of  the  stress-rotation  curve.  ,  “ 

The  results  of  the  shear  strength  tests  ore  presented  In  Table  VH  end  ore  thought 
ta  be  sufficiently  accurofe  for  most  engineering  work.  RIchads  (Ibid.)  discussed. the 
sources  of  disturbance  to  the  sediment  during  the  sampling,  traiuportihg,  and  labora- 
Tofy  onQiystSr "  tk>  tntwnionun  WQs  ayQitQ&i6  to  ^uanUfQfiVdiy  tffi 

reauctlon  of  in-place  strength,  he  concluded  thot  votues  of  shear  strength  obtained 
through  tho  memod  pdf  lined  in  his  report  ore  conservative  by  an  unknown  amount 
compared  tc  In-piace  strength.  -  , 

Shear  strength  or  cohesion  values  were  detehnined  In  order  to  calculate  tho 
ultimate  bearing  capacity  of  the  sediment.  The  ultimate  bearing  capacity  (t^)  Is 
defined  as  the  average  lood  per  unit  area  rerpired  tp  produce  ftiilure  by  rupture  of  a 
supporting  sediment  mass,  excluding  any  foctor  of  safety,  and  Is  bdsed  on  the  formula 

qy  =  1.3  cNg  +  w  d  Nq  +  0.4  B  w  Ny 
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where  ^ 

c  =  cohesicm, 

w  =  buoyant  urH  wefgtif  of  the  jedimeflir, 
d  =  <tepth  to  center  of  sesnpfe  Incranent  tested, 

B  =  width  of  structure  footing,  orKt 

Ng,  Nq,^  and  M^  we  bearing  capacity  factors. 

The  formufo  fi  cppUcoble  to  ifructorM  where  the  length  to  wIAh  rotfo  of  the  bo» 

U  less  than  tywr  (square  or  circular  leads)  and  Is  usually  reduced  to  =  1  \i3  c  N^. 
Bearing  cofiocUy  factors  ore  a  fanctiorvof  the  angle  oflrttemol  ftfctfon.  Where  the 
angle  Is  zero  (as  Is  ossumed  for  cof^ivO  sells)  5.^  hiq  ^  1  .ttjp  o»dt^  =  0  os 
determined  by  T^dghi  orrd  ^lc  (1948).  _  -  .  .  / 

Results  from  tests  of  core  ftombei  d2-22  wlinlloftrate  the  opplicqtipri  of  this 

formula.  If  a  m«s  of  35  tDn»  ^»oycmt  weight)  with  dimemibm  12*  x  12^  x  6‘  it  -  - 
placed  On  the  bottom  at  the  fpcotiOrt  of  core  62-22-ond  without  impoct  velocity, -the 
resultant  presture  or  stress  on  the  ledJment  would  be  486 ^pnd  im  ultimate  , 
'bearing  copoclty  of  et  leost  the  *«ne  omooot  Is  req0lred^%  support  of  the  mess. 
Assuming  a  surface  load  of  -  7.4  c,  the  dojhfil«i  rrecespinry  for  iwpporf'  Is  0,46  pit. 

In  core  62~22  the  core  intwsxjf  0  to  7  certtMpetert  hw  o  fisted  toheeloh  of  0,53  psi, 
which  .(neglecting  time)  is  sufficient  for  suppdrt  of-the  moss.  -  o 

^  ■  .  O.,  s.' 

The  mojofity  of  cores  tested  sho#  o  icegeJnereo^h'^^H**'®*’  In  fh* 

sediment,  and  inversions,  when  preienVcre  smoll  ip  mognttixfo.,-  Figure  12,  which  . 
delineotes  ore«  in^he  TQTO  of  h^  o^  low  c^iesloo  'vo!ue$,^i|.  bosed  o^the  overr  „ 
oge  cohesi^tfooighout  the  ihdlviduol  cOre. .  Front  this  figip^e'  the  tedimir^.; 

ej<cept  in  two  Indorsees,  hove  onaveroge  cohesion  of  Jess  thop  1 .0  ptr,  wfilpHis  the^ 
lowest  In  the  channel.  'Near-flank  sediments  show  a  slightly  higher  cohesion,  arsd  , 
axial  sediments,  except  for  a  zone  of  lew  cohesive  sediments  southeast  of  MiAllq  Bight,  .v 


gfedfiy  exceed  Both  areas.  Airnoug^t  thej 
chonnel  are  slight,  it  might  be  pointed  out  that  on 'increase  of  one  grsit.in'  tbe  mepSdred 
cohesion  value  presented  in  the  exomple  used  In  core  62-22  above  would  Incraose  the 

ultlmote  bearing  strength  from  565  to  2,062  Ibylf 2^ - 

It  Is  noteworthy  that  cohesion  volues  follow  a  trend  corresponding  to  the  3  sedi-  . 
mentary  environments  delineated  In  the  TOTO.  ^The  rieor-flshk  and  cul“do?wc  pteas 
flow  cohesion)  represent  environments  of  high  water  content,  high  organics,  low  derr* 
slty,  and  high  rotes  of  sediment  accumulation,  whereas,  the  oxioi  area  Jhigh  cph«foo) 
Is  chofocterized  by  refotlvely  low  water  content,  low  organics,  high  density,  Oird  Jow^ 
rotes  of  sediment  accumulation.  Figure  13  delineotes  values  of  surface  organic  carbon 
content  and  demonstrates*  the  relotlonsblp  between  organic  content  orsd  evasion  when 
crsnppred  wlth^igure  12.  _ ^  ^  _ _ _ : 
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TABLE  V» 

Sheer  mength  and  semlttvlty  of  fhe  TOTO  sedfments 


6V~10 

61-18 


3 

J  5  ■ 

-'45 

55 


J.1 

l.t 

0.6 

0.7 


62-2 

8 

0.2 

,  -47 

0.2 

-  94 

:  ^  0.6 

62-10 

14 

0.5 

73 

1 .0 

138 

0.9 

62-15 

15 

1.7- 

75  - 

2.0 

m  _ 

..."  .  .-=2^^ 

62-19 

11 

0.4 

72 

0.4 

118 

_ . 

“32^ 

31 

2.5 

79 

1.0 

130 

0.7 

62-21 

18 

,0.8 

78 

0.4 

136 

62-24 

3 

0.7 

28 

0.4 

52 

0.8 

62-28 

13 

2.5 

70 

1.2 

142 

1.2 

52 


■TAlMg 


Sheoi  ifrength  and  sensltlvlfy  of  fhe  TOIO  sediments  Rent'd) 

Core 

No. 

Depth  io  Core 
(cm) 

Sheer  Strength 
(psi) 

SeniUtvtty 

N^r-flonk  Sediments  (Cont'd) 

62-37 

3 

0.1  ’  . 

'  ■" .  ■ 

59 

1.6 

2 

62-39 

11 

0,3 

48 

;  1.3  '  ‘ 

'  2  ■“ 

90 

-...VJ0.4  . 

62-57 

10“ 

.  ^  ■  0.2  .  .  -  : 

,  74 

'  1.8  =.’■ 

:  -  ,  “  ,  ’  U  ” 

62-58 

c 

3 

■'%  0.1  ' 

46 

0.3 

-  i  ‘ 

‘  91 

0.6  ' 

- 

Axial  Sediments 

6>'2 

15 

1.7, 

61-4 

5  ■  '  - 

O.f 

15 

1.2 

J  V 

* 

•  25 

*  ,  1.1  •  -  - 

11 

61-6 

■  ^5  ‘ 

o'  -  "  0.5 

25 

0.6" 

35 

0,9 

■  ■■  7 

61  “r 

5 

_ _ _ . 

0.9  -  ■ 

-  -  4— ft  . 

61-6 

5'  . 

0.4  ' 

....  — 5-—,,-  - 

25 

0.7 

8 

45 

1.6: 

61-21 

3 

0.3 

21 

.  -0.7  ^ 

48 

0.5 

3 

76 

1.0 

61-22B 

11 

2.9% 

.  7  ^ 

62-2 

27 

1.0 

- 

84 

0.7 

7 

136 

2.9 

-  '• 

53 
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Sr'.ear  strewgth  cmd  wnilHvJty  of  tha  TOTO  sediments  (Cont'd) 

Core 

Depth  fn  Core 

Shear  Strength 

No. 

<em) 

■  {|»!) 

Se'nsjtlvftjf 

Axial  5rdf<nents  (Coot'd)  ■ 

62-<l 

20  . 

1.0 

.  '  * 

65 

3.1= 

6 

120 

2*9  "  .  -■ 

“  . .  ■■  T; 

62-7 

44^ 

'  1.2  ,=  .  ' 

88 

.-.-o;  ^  V.8 

-  -  „  ,  ."10  ' 

“  547  ^  , 

/  ^  -  1.8  - 

■  .  “  . ■  .  •/,. 

62-8 

14 

42  '  . 

-  I  .T-  _  ,:■ 

^  -  -  V  A 

74' 

.  0-7  ' 

c.  * 

■  ~  ..  3: .  ^ 

0.3:  .  \ 

ao 

.  -  0.9 

.  15  , 

.  i‘:A'  ' 

t5j-— ■■ 

3il5  = 

62-17 

28 

1.0 

76 

1.9 

12 

'  , 

113 

3,7 

62-1 B 

3 

0.5 

46 

.1.3 

6  .. 

109 

.  2.0 

'  . 

62-22 

3 

0.5 

28 

0.5 

9 

^2,  - 

2.1 

- — rv  — - 

56 

-  -  t  tV 

4.3 

14 

■  -  -  - 

108 

3.2 

62-29 

"  38 

1.3 

104 

0.5 

4 

129 

2.0 

62-30 

11 

0.3 

66 

1.0 

.  5 

120 

3.6 

62-31 

10 

1.1 

7B 

1.9 

14 

149 

3.7 

62-34 

10 

0.4 

68 

0.5 

5 

146 

2;t 

t 


- r  iAau:  VII  ^ 

Sheer  strength  end  sensitivity  of =*h«  70T0  sediments  ^Cont’d) 


Core 

No. 

Depth  In  Cora  Shadf  Sfrenath 

(cm)  (psft 

Sensitivity 

Axial  Sediments  (ConHd) 

62-47 

3 

1.1 

6  <- 

62-43B 

3 

0.4 

52 

1.8 

8 

101 

0.7 

62-4? 

3‘ 

1.6, 

62-50C 

'  3 

,  0.2 

44 

r.i 

^  7 

62-51 B 

3 

0.2 

25 

-  1.0  ' 

-■  5 

56 

8.3  . 

62-52A 

3 

0.2  ' 

52 

2.2 

- 

97 

4.0 

62-53 

3 

0.2 

52 

0.8  ■  ' 

-  6 

102 

'  n.6 

Nortfiieast  Provfdencls  Channel 

62-60  ~ 

.  16 

1,6 

y. 

42 

1.3 

/6 

82 

■  .  V  4.2 

62-61  "" 

3 

0,8  /' 

■-  -y  - 

68 

0.7 

/-  „■  6 

133 

0.8 

62-62 

9 

^  ^  l  v3 

73 

1.0 

8 

138 

1.5 

62-63 

5 

0.3 

32 

0.9 

4 

•o 

Cu!nde-sec  Sediments 

61-n 

5 

0.2 

35 

0.4 

4 
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'  TABLE  Vli 

Shear  strength  and  sensitivity  of  the  TOTO  sediments  (Cont'd) 


Core 

No. 

Depth  In  Core 
(cm) 

Shear  Strength 
(p»0 

Sensitivity 

Cu^nie-uc  Sedirhents  (Cont'd) 

- 

61-12 

0.3 

25 

0.4 

61-16 

5 

0.3 

28 

1.2 

51 

0.7 

62-40 

26;r 

0.8 

129 

0.5 

t 

62-41 

3 

0.1 

75 

0.5 

2 

62-42  (r. 

■  3 

...-0.1- 

79 

0.3 

2 

137 

1.5  ‘ 

62-43 

11 

0.6 

i 

o.a 

3,.  , 

62-44 

8 

0.8 

67 

0.7- 

6 

131 

0.9  . 

62-45 

31  " 

1.4 

63 

0.7 

4 

94 

0.6 

2,2 

57 

O.B 

5 

62-54 

19 

0.4 

59 

1.0 

3 

62-55 

3 

0.2 

58 

O.a 

62-56 

3 

0.2 

47  : 

0.8 

2 

’•7 

62-59 

22 

1.0 

56 
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SensiMvlJy 

SenjlMvltles  of  core  samples  are  given  In  Table  VII.  The  va!i/es  from  2  to 
16  (slightly  lr«er«Itlve  to  slightly  s^lck)  ond  show  o  predoratnance  of  very  sensitive 
sediments.  The  cul”de"$ac  Pediments  ore  the  least  ^sfHve,  axial  sedTmenHthe 
.greateslj  and  near-flank  sediments  Intermediate  between  the  two  bwt  tending  more 
tey^ird  sensitivities  similar  ia the  col-de-sac,  ’  " 


Of- 


BOTTOM  PHOTOGRAPHY 


Comero  statlors  were  locatwi  throughout  the  choruiei  of  predetermlnetf  positions. 
Although  the  photographs  frofti  this  study  cannot  be  considered  to  be  represenfotive  of 
the  entire  channel  bottom,  the  close-spaced  coverage  obtained  along  the  folrjy  ex“ 
tensive  tracks  provides  excellent  representation  In  the  arsi  photographed,  and,  from 
these  photographs  and  the  work  of  Armstrong  (1953)  orrd  Athem  (1962  b)  a  genero!  Idea 
of  the  mlcrorellef  can  be  obtained. 

Camera  lowerings  ot  Stations  1,2,  and  3  were  occupied  while  the  ship  was  ot 
onehor,  and  the  lowering  at  Station  4  was  mode  while  drifting.  The  ship's  position 
was  plotted  and  annotated  during  the  camera  lowerings  on  a  Decca  Hl-FIx  plotter, 
and  a  graphic  record  of  the^lp's  position,  hence,  the  comero  location  (±10  feet), 
was  obtained  during  the  two-froof  period  while  the  comero  was  In  e^ration  off  the 
bottom  (Fig  14).  “ 

„  Camera  lowering  Station  4  Is  represented  on  Figure  14  by  a  line  trending  north- 
northwest  ooross  the  center  of  the  TOTO  off  High  Coy.  The  paths  followed  by  the 
othef  camera  stations  (1,  2,  and  3)  ore  also  presented  In  this  figure,  end  varlotlons  In 
ship  location  while  at  anchor  ore  graphically  demonstroted.  In  the  graph  of  statjen  2, 
the  ship  completed  one  cycle  of  It's  swing  on  the  oncht»  cable,  and  the  camera  wos 
brought  up  while  halfway  olong'the  return  swing. 

# 

The  graph  of  Station  1  demonstrates  the  extreme  fo  which  the  ship  varied  (n  posi¬ 
tron  while  anchored.  In  this  Instance,  the  vessel  was  iub|ect  too  fairly  long-period 
pitch  superimposed  on  the  arc  traversed  around  the  anchoring  point.  The  combination 
of  swinging  and  surging  produced  a  figure  8  pattern  which  the  comera  system  followed. 
The  procedure  of  plotting  the  ship  movement,  annotating  the  plot,  and  Including  a 
synchronized  clock  In  the  data  chamber  of  the  comera  permits  caleulatipns  to  enable 
one  to  delete  duplications  of  track  coverage  where  present. 

Two  out  of  four  of  the  camera  stations  produced  pairs  of  stereo  photographs  (Stations 
1  and  4),  while  at  the  remaining  stotlons  maihunctlonlng  of  one  of  the  two  cameras  re¬ 
sulted  In  only  one  roll  of  exposures  during  the  course  of  the  Jower!ng._The  photographs 
generally  cover  an  area  approxlmotely  13.5'  x  8'  or  108  and  overlapping  of  pairs 
exceeds  one  half  the  areo  photographed. 

Camera  Station  Data 

Station  I 

Depth:  1,250  meters 

Number  of  Exposures:  362 

Length  of  Camera  Track:  457  meters 

Track  Position:  23®  27.4'N,  76^  58.8'W  (Coordlnotes  for  center  of  track) 

Comera  Performance:  Stereogrophic  pairs  obtained  frwn  all  exposures. 
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Station  2 

Depth:  V,390  meters 

Number  of  Exposures:  438 

Length  of  Camera  Tracks  462  meters 

Track  Positions  24“  OO'N,  77“  15.9'W  (Coordinates  for  center  of  track) 
Camera  Performances  Right  comera  malilinGtloned, 

Stotion  3 

Depths  lySOO  meters 

Number  of  Exposures:  276  _ 

Length  of  Camera  Tfockr  512  meters 

Tra^  Pralflcns  24?  27.5'N,  77“  31 . 5' W,  {Coordinates  fw  center  of  track) 
Camera  P^formances  Left  camera  malfunctioned.  Right  camera  produced  90 
percent  double  expr^res.  Doubly  exposed  frames  were, 
neyerthetess,^adequoto/for  tnterpretotion,,  and  the  good 
exposures  obtained  appear  representotlye  of, the  comero 
track. 


Stotion  4  < 

Depth:  1,929  meters 

Numbfef  of  Exposures:  572 

Length  of  Comero  Trock:  1,572  meters  , 

Track  Position:  24“  41.6'N,  77*  34.8‘W  (Coordlrwtes  at  start  of /rack) 
Comero  Performonce:  Stereographic  poirs  obtained  from  all  exposures. 

Biology  , 


Anfmol  life  and  evidence  of  its  existence  is  extremely  sparce  along  the  tracks 
traversed  by  the  eamero  system,  end  at  only  one  site  (Station  2)  vras  there  opprecioble 


Tf^s  maforlty  of  photographs  obtained  from  oil  lowerings  are  dovold  of  onima I  life; 
A  few  holothurlam  were  present  to  some  degree  In  all  the  camera  tracks  (Plotes  111  and 
VI),  Gr:d  occaslonol  brittle  stars  (Plate  Hi)  were  observoble,  Fllarnentous  plord  debris 
probably  derived  from  the  shollow  surrounding  bonks)  was  present  on  oil  tracks  (see 
Plate  IV  for  on  example) . 


Stations  I  and  2  (Plates  Hi  and  V)  show  the  greatest  direct  and  Indirect  evidence 
of  orgonlc  activity,  while,  on  the  other  harKi,  Stations  3  and  4  (Plates  VI  end  VII) 
show  no  mo'e  than  a  featureless,  uncortsolldated  calccrecus  ooze  throughout  the 
majority  of  the  track. 


Relative  to  the  other  camera  tracks,  Station  2  shows  the  most  evidence  of  orgontc 
activity.  Throughout  the  entire  length  of  the  trock  the  bottom  Is  thoroughly  pitted 
and  marked  by  trails,  tracks,  mounds,  and  burrows.  A  number  of  the  mounds  present 
In  this  ond  the  remaining  plates  are  thought  to  represent  pebble  and  cobble  debris 
which  has  been  covered  by  sediment.  These  mounds  are  differentiated  from  orgonl- 
cally  derived  mounds  by  the  lack  of  an  axial  hole.  Some  sessile  forms  Ore  present 
In  the  exposures  from  Station  2  which  ore  suggestive  of  hydrolds, 

Armstrong  {1953)  reported  that  a  very  slow  rate  of  sedteent^dsposltlortprewlls^ 

In  the  center  of  the  TOTO,  and  any  features  on  the  bottom  would  tend  to  be  preserved^ 
for  a  long  time.  If  this  Is  true  thena-smoll  bentfeJc  populotlon  could  produce  bottom 
features  which  could  be  mistaken  for  o  subetantlal  benthic  community.  In  any  event, 
the  Information  from  the  photogropbs  point  to  on  extreme  paucity  of  bottom  dwelling 
wgonlsms  on  the  floor  of  the  TOTO.  The  low  organic  carbon  values  (cwi«quent!y 
Insuffleiertt  nutrients)  obtalrusd  from  anolysis  of  the  sediment's  substontlotes  thert  , 
findings. 

Bottom  Features 


Relief  not  cbnnected  with  animal  octivlty  or  partlcle-by-portjfite  deposition  over 
pre-existing  feotures  is  present  to  a' limited  degteo  In  specific  oreos  olong  two  of^e 
comero  tracks,  . 

Photographs  from  Stations  2  and  3  showed  no  unexpected  evldana*  of  post  or— “  '  "" 

present  constructloadl  proceisei  for  the  depth  ond  position  of  the  lowering,  and, -on 
the  bosls.of  the  photographs,  it  U  Inferred  tbot  lirnited  ^nthic  faunot  octivlty  com¬ 
bined  with  o  slow  rate.s^  sediment  aceumulotlon  eonsfltutes  the  domlwnt  microrellef 
building  processes.  ,  o 


Station  Ij  in  th^ul-de-sccj^  shows  an  outcrop  of  either  o  well  llthified  calcareous 
srTdl  covered  by  a  sedimentary  veneer  or  o  semilifhfffed  bottom  rndferloi  (Fldte  IV), 


The  outcrop  strikes  northeast,  Is  of  undetermlnoble  thickness,  and  ecsuri  on  orJy  two 
exposures  (the  closest  points  to  the  fbnk  of  the  cul-de-sac)  along  the  entire  track, 

A  slab  of  the  outcropping  materkrl  Is  observable  In  the  top  lefr  photograph  of  FKite  IV, 
and  It  appears  to  have  moved,  or  Is  now  moving.  In  o  southerly  direction.  In  the  bottom 
two  photographs  wj  the  same  plate,  circular  pits  or  depressions  o  few  centimeters  in  di¬ 
ameter  and  depth  are  apparent.  The  depressions  show  very  steep  sides  end  ore  locatedL 
only  In  the  photogrophs  token  odjocent  to  the  walls  of  the  cul-de-sac.  The  dark 
material  enclosed  by  a  depression  may  represent  pebble  detritus  washe^off  the  adjacent 
banks;  however,  the  apparent  fllomentous  appearance  of  the  moterfol  somewhat  negates 
this  possibility. 
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Camera  lowering  SfoHon  4,  olthough  presenting  the  most  featureless  bottom  for 
the  first  1|500  meters  of  track,  showed  the  most  unexpected  features  of  oil  the  photo" 
graphs,  At  24®  41'49"N,  77®  35'01“W  the  camera  syfitem  traversed  a  well  Indurated 
limestone  outcrop  approximately  24  feet  acrras  and  termlnoting  In  o  3-foot  verHoal 
to  concave  scarp  striking  northeast  (Plata  VIII).  Stereogrophic  exomlnatlon  of  the 
outcrop  reveals  cavities  and  deprenlons  In  the  exposure  which  range  Ihom  5  todO 
centimeters  In  both  width  end  depth,  ond,  In  many  Irrstonces,  unconsolidated  sediment 
covers  the  base  of  the  depression.  A  number  of  the  cavities  are  Interconnected  to  form 
a  network  of  channels,  and  almost  a[l  display  sharp  angular  rims  (Plate  IX).  A  mlcro- 
topographlc  contour  map  of  the  edge  of  the  outcrop  Is  presented  In  Plate  X. 


Busby  (1962)  discussed  this  outcrop  end  the  possible  origin  of  the  feattSesj  ond 
concluded  that  the  depressions  are  solution  bosins  of  suboerloi  or  littoral  zona^erlgln 
thot  were  formed  when  the  outcrop  or  theHcor  of  the  channel  was  et  an  elevation  of 
about  1,900  meters  higher  than  of  the  preserit.  _  _  _ _ 


Bottom  Currants 

Twenty-four  meteri  northwest  of  the  outcrop  observed  In  the  photogrophs  from 
Station  4,  pebble  ond  cebbleiUed  debris.  Is  present,  ond  Immedlotely  adjacent  to 
this  maferlol  are  well  developed  oselllotory  ripple  marks  facing  northeast  ^Pjate  Xl), 

The  tipple  marks  at  this  location  appeor  lytnmettlpo'j  and  overage  13  centimeters  from 
crest  to  crest. 

Utilising  various  sources  of  dota,  o  rough  estimate  of  the  minimum  current  veloc“ 
tty  necessary  to  produce  these  ripples  can  be  calculated.  The  average  median  diam¬ 
eter  of  the  surface  sediments  In  the  area  of  ripple  mark  formation  Is  15  mlcroru^,  and,  , 
according  to  Hjulitrom  (fn  Tfaik,  1955),  o  meon  water  velocity  of  28  to  43  centimeters; 
per  lecofid  li  required  to  Instigate  movement  of  particles  of  this  diameter.  Ripple 
morki  dliappeor  or  ere  oblttaroted  when  water  velocity  exceeds  a  critical  value,  which 
Th  the  Thsfoneer  of  very  ecdmTsdndi  Ti  W  cehtTmerers  peTwednd  \Sm^V  1  vdi ) .  Con*' 
sequentiy,  a  current  of  minimum  velocity  of  28  to  43  centimeters  per  second  ond  maxi¬ 
mum  velocity  of  90  centimeters  per  second  Is  necessary  for  fonnotton  and  maintenance 
of  the  ripple  morks  observed  In  Piote  XU  The  maximum  velocity  It  probably  much 
higher  then  that  necessary  to  obliterate  the  ripples  observed  In  this  area;  howeyar,  os 
no  data  ore  available  concerning  ripple  marks  In  dominantly  si lt*^!zed  sediments,  this 
value  Is  taken  as  the  maximum  In  lieu  of  further  Information. 


Menard  (1952)  attributed  symmetrical  rlppla-mark  development  at  4,500  feet  In 
the  Pacific  Ocean  to  short-period  woter  wclllatloni  perhaps  caused  by  tides,  tsuonomls, 
&  Internal  waves.  Inman  0^37)  pointed  out  that  symmetrical  ripple  marks  require 
oscillatory  current*  for  formation^  since  an  unldireoHonal  current  produces  asymmetricol 
ripples  with  me  slope  ct  the  erngle  of  repose  of  the  sediment  ond  the  other  more  or  less 


concave.  It  Ii  expected  that  at  the  depth  (1,929  meters)  of  ripple  occurrence  In  the 
TOTO,  either  Internal  waves  or  tidal  oscillations  product  the  ripple  marks  observ' 
oble,  although  the  latter  Is  more  likely. 

As  mentioned  above,  adjacent  to  end  south  of  the  rippie-fnorked  areo  is  pebble* 
ond  cobbie-sized  debris  which  probobly  hos  been  derived  from  the  reef  areas  bourtdtn^t 
the  channel.  From  the  photograph  In  Plote  Xt  the  ripple  marks  ore  opporent,  end  close 
study  of  the  photograph  shows  the  finer  moterlai  to  be  encroocklrtg  upon  the  lorger 
debris.  The  dTsfributlorr  of  pebble  cmd  gravol  material  around  fhe  Ivge  oobble*sTzed 
frogmetlt  in  the  upper  rlght-^nd  holf  of  this  photograph  suggests  a  strong  southerly 
current  which  fs  producing  o  log  deposit  in  this  weo,  with  a  not  moverrient  df  eediment  ’ 
-  toword  the  south. 


SUA.AMARY 


Theilgnlficont  results  cm}  concJuslens  frcrn  the  bottom  sediment  tnvestigaticns 
In  the  TOTO  bjr  this  Office  end  previous  Investlgotlens  by  others  ore  sujwnarlied 
betoTM: 

1 .  The  TOTO  is  o  long/  jnofrow  chrmnel  In  the  Greot  Bohomo  Bonk  which  gttKhj- 
oily  increases  In  <}epth  from  obouf  7C0  fathoms  fn  the  southern  cut“de^cdreo  to 
1,300  fothomi  In  the  northern  portion  ot  the  commencement  of  Northeast  Providence 
Chonrvel, 

2.  The  fionks  of  the  TOTO  are  steep  (15  to  20^)  bore  rock  wails  to  deptftt  of 
100  to  200  fathoms.  Below  this  depth  to  the  bottom  of  the  chonnel  the  slope  is  more 
gentte,  incised  by  guifles  normai  to  the  Bankac^  and  sediment  covered.' 

3.  the  sediments  on  the  floor  of  the  chonnel  ore: 

0.  Almost  whotely  composed  of  coiefum  carbonate, 

b.  Dominantly  siltilzed  porticles  with  a  slight  increase  Ir>  lond  in  sediments 
collected  from  central  reaches  of  the  channels, 

e.  Composed  predemlnentiy  of  the  tests  of  pionktoolc  foromlnlfora,  pteropods 
end  reef  detritus,  emd 

d.  in  general,  poorly  sorted. 

4.  A  reducing  environment  prevails  in  the  segments  on  the  flank's  otkI,  to  d 
lesser  degree  tn  the  cul“de*sac,  while  on  oxidizing  environment  prevails  fr>  the 

r  -  -  sediments  In  flat  central  reaches  of  the  northern,  elongated  p<^ion  of  the  ehannaU 

5.  Sediment  density  Is  greatest  In  the  oxloi  region  ond  lowest  in  the  near-flank 
and  cul-de-sac  areas;  eonversely,  water  content,  void  ratio,  and  pwosity  ore  lowest 
In  the  oxla!  region  ond  highest  In  the  near-flonk  and  cul-de'^e  oreas. 

6.  Sediment  density  generoiiy  Increases  with  depth  In  the  sediment  while  water 
content,  void  ratio,  and  porosity  decreose. 

7.  Over  one-half  of  the  sediment  column  iompied  in  the  axial  and  cul-de-sac 
areas  Is  the  result  of  turbidity  current  deposition,  while  the  near-flank  sediments 
appear  to  be  primarily  tho result  of  part!cfe-by-particle  accumulation  from  the  over- 
lying  water  column. 


8»  Turbldlfy  currenti  ortginote  on  the  upp^  flanks  of  the  chohnei,  flow  down 
slope  ot  high  velocity  within  the  gullies,  and  distribute  the  tedlmant  load  locally  on 
the  channel  floor. 


9.  Fre^piency  of  the  turbidity  flo^  Is  ff’eafest  In  the  culi^-ifec  ar«i  and 
bacones  less  frequent  northward  In  the  ehonnel.  Rate  of  sadrmenfaccKiisulatioo  Is 
highest  on  the  chainei  flanks  and  becomei  leu  northward  from  the  cyi-de-saG  aiorg 
the  channel  axis.,  " 

10.  Ultimate  bearing  strength  of  the  sediment  ts  lowest  In  the  cul“de*sac  ond 
near-f!«mk  areas,  highest  In  the  axtei  aea,  «id=oeft^  be  shewn  to,  fellow  the  some 
trend  as  the  organic  carbon  and  water  cpofent  of  the  sediments,. 

1 1 .  ^tom  ^otbgrophs  show  o  pouclty  of  benlfrlc  feurw,  and,  In  general,  p 
relatively  featureleu,  imcohsoildoted  oozb'dtoven  the  ahannet  floors 

12.  the  photographs  re^l  0  bore  rock  outcrop  et  l/OOQ  fathoms  Ip  the  center 
pf  the  chcnnel  off  Fre^  Creek.  Features  In  the  outcrop  Indicate  subperlaheroslod 
of  the  exposure  at  same  eorller  geologic  time. 

13.  Ripple  marks  pfBent  In  some  of  the'bottetn  photogroph  suggest  d,,bettam 
current  at' 1 ,000  fathoms  of  at  least  0.3  to  0r7  knot. 
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NOTE  HOLOTHURIANS  AND  THEIR  TRACKS  tN  LOWER  LEFT  PHOTOGRAPH,  AND 
BRinLE  STAR  JUST  ABOVE  CENTER  IN  TOP  LEFT  PHOTOGRAPH.  THE  RADIAL 
ARRANGEMENTS  PRESENT  THROUGHOUT  ALL  THE  PHOTOGRAPHS  ARE  BEUEVED 
TO  REWESENT  A  SEARCH  PATTBN  BY  SOA4E  TYPE  ANNEUD. 


PLATE  1V  BOTTOM  PHOTOGRAPHS  FROM  CAMERA  STATION  1 .  NOTE  OLftCROP  IN 
TOP  RIGHT  PHOTOGRAPH  AND  BOULDER  IN  TOP  LEFT.  LOWER  TWO  PHOTOGRAPHS 
SHOW  CIROJIAR  Firs  OR  0CRIESS1ON5  AND  SCATTERI*  RANT  OETRtTUS. 


PLATE  V  REPRESENT' ATI VE  BOTTOM  PHOTOGRAPHS  TOOM  CAMERA  STATION  2. 
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PLATE  IX  CAVITIES  AND  DEPRESSIONS  AT  1,000  FATHOMS  IN  THE  TONGUE 
OF  THE  OCEAN.  THE  SCARP  PRESENT  IN  THE  UPPER  PHOTOGRAPH 
IS  APPROXIMATELY  3  FEET  DEEP,  - 


PLATE  XI  BOTTOM  PHOTOGRAPHS  FROM  CAMERA  STATION  4. 
OBSERVE  THE  STREAMING  OF  FINER  FRAGMENTS  SOUTHWARD  OF 
THE  LARGE  COBBLE  ON  THE  LOWER  PORTION  OF  THE  TOP  PHOTO¬ 
GRAPH;  ALSO,  THE  S,MOOTHER,  MORE  PLANATED  APPEARANCE  OF 
THE  RIPPLE  MARKS  TO  THE  RIGHT  OF  THIS  PHOTOGRAPH  AS 
OPPOSED  TO  THE  RiPPLES  ON  THE  BOTTOM  WOTOGRAPH.  SCALE 
APPROXIMATELY  1:34. 
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APF^DIX 

1  CORE  STATION  DATA 

if 

- 

Core 

LoMtuds 

Lcngltuda 

Dspth 

Length  of  Cora 

■  ^ 

No. 

(N) 

(W) 

-  <3n) 

0i) 

62-1 

24“  58.2* 

77“  39.3’ 

677 

105 

62-2 

24“  57' 

77“  40' 

1829 

151 

■?: 

62-3 

24“  55.2' 

77“  45.8' 

1840 

127 

62-4 

24“  51.9' 

77“  50' 

5^ 

Grob  So^pia 

62-5 

24“  43' 

77“  43* 

580 

13 

62-6 

24“  40' 

77“  41' 

498 

Ordb  SoTipta 

62-7 

24“  40.  r 

77“  36.1’ 

1710 

158  ^ 

62-8 

24“  44.1’ 

77“  36.1' 

1889 

81 

:  ’ 

62-9 

24“  49.2' 

77“  30.3' 

841 

.  '  ■31". 

t'  .  i- 

62-10 

24“  45! 

77“  28' 

950 

.  147 

62-n 

24“  41  .a‘ 

7?“  25. V 

988 

Grob  SoRipla 

■  -j 

62-13 

24*  35' 

77“  30’ 

1683 

153^ 

1 

62H4 

24“  35'  .. 

77“  39.9' 

.  640 

■"  ■■  ■_  27 

62-15 

24*  24' 

77“  39.9' 

457 

^  .129 

62-16 

24“  24.2' 

77“  34.7’^ 

1480 

...175 

« 

62-17 

24“  28' 

:77“  30'  ’ 

f868  ^ 

121  '  , 

62-18 

.  24“  24.6' 

77“  22,4' 

:  1202 

121 

6&1» 

24“  27' 

77“  15.9' 

.1051 

127 

^  62-20 

24“  22'  . 

^•>15' . 

'525  “  - 

140 

62-21 

24“  16.r 

77“  14.9' 

1041  “■  “ 

148  . 

62-22 

24“  17.r  V 

77“  22.-2' 

1463  , 

-88„ 

62-23 

24“  17.9* 

77“  28.1' 

1481 

40 

62-24 

24“  19’  . 

77“ 

.  ^  768 

59 

.  i 

62-25 

24“  14.2’ 

77“  34.4' 

430 

13  '1' 

1 

'i 

62-26 

24"  03' 

77“  29' 

612 

Grob  Spjnplf..  ' 

1 

62-27 

24“  04.6' 

77“  23.2' 

1399 

U6 

i 

62-28 

24“  01.1' 

77“  14.2’ 

1723 

152 

i 

62-29 

£3“  58.9' 

77“  16.1' 

1353 

136 

i 

62-30 

23“  55.2' 

77“  15.1' 

1344 

12A__ 

1 

62-31 

23*  57.7' 

77“  21. 1’ 

1362 

15> 

■,  1 

62-32 

23“  57.9'  - 

77“  27’ 

805 

12 

i 

62-33 

23“  S3.2' 

77“w25.2' 

823 

Grob  Sompla 

\ 

62-34 

23“  44.7' 

77“  19’ 

1134 

157 

-  1 

62-35 

23“  39' 

77“  16' 

1234 

Grab  Soi^pta 

\ 

62-36 

23“  34' 

77“  12’ 

1243 

72 

i 

62-37 

23“  28.9’ 

77“  06.7' 

1066 

63 

i 

t 

62-38 

23“  27' 

76“  59.3* 

1179 

48 

62-39 

23“  28' 

76“  51' 

1253 

97 
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At^ygNDtX  t  WORKSTATION  DATA 
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/  . 

.^cm) 

42-49  “',  : 

23*  3? 

74*  57’ 

1326 

m 

42-4V 

77*05.9' 

1330. 

149 

42-42 

23*  44* 

.  .  ?7“  05' 

1330 

146 

42-43 

47^  ' 

76"  55-8’ ' 

•11^. 

no4  .  r  ^ 

^42-44  ■.  " 

23*^53.8*  - 

t  76*63.? 

^mu 

■■ .  137  5-^ 

42-45  r 

23“  55.1' 
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1409 
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42-52A' 

24*  3U4^' 

.  -  77*  32'  .  - 
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72 
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89 
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30 
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46 
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1141 
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69 
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51 
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1414 

65 
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53 
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23*  39.5* 
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